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BOOTSTRAP (S3A) 

I. Purpose 

To load the binary loader into core. 

II. Description of Operation 

A. Place the tape "BINARY LOADER, BOOTSTRAP FORMAT" under the reader; 
turn the reader on. 

1. When using the high speed reader, place the ON/OFF switch in the ON 
position. 

2. When using the ASR set, the turn-on procedure is as follows: 

a. Set ASR switch to OFF position. 

b. Put machine in WRITE mode; depress the Master Clear button. 

c. Using the probe, load the S-Register with the location. 

d. Using the probe, load the X-Register with the contents of the location; 
depress the Start button. 

e. Repeat c and d until all three words below have been entered: 

Location Contents 



00000s 


OOlOlg 


OOlOlg 


37740 g 


00102g 


340**8 



The two asterisks above denote the output channel number of the ASR 
set. 

f. Put machine in INSTRUCTION STEP mode; depress the Master Clear 
and Start buttons. 

B. Load the bootstrap manually (1); or use the bootstrap card (2). 

1. Manual Load 

a. Put machine in WRITE mode; depress the Master Clear button. 

b. Using the probe, load the S- Register with the location. 

c. Using the probe, load the X-Register with the contents of the location; 
depress the Start button. 

d. Repeat b and c until all the words on the program listing (locations 
0-278) have been entered. 
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2. Bootstrap Card Load 

a. Connect the bootstrap card to the proper main frame plug. 

b. Put machine in WRITE mode; depress the Master Clear button. 

c. Using the probe, carefully trace the path on the bootstrap card cross- 
ing all exposed conductors in sequence. 

d. Remove the bootstrap card from the main frame p ug. 

C. Verify that location 25s of the bootstrap program contains the proper input 
command to reference the selected reader. 

D. Put machine in RUN mode; depress the Master Clear and Start buttons, 
m. Run Time 

In less than one minute, with lockout set, the bootstrap program will read in the 
binary loader and transfer to Its starting location. 

TV. Storage 

Number of locations used: 27g (l-27g). 
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DATE 4/27/65. TIME 2/t>0/20 P.M. p 46E 
PROJECT NO. 530053 PROGRAM^ E.E. O.hake TAPE NUMBER 512632 

1 BOOTSTRAP 
2 

3 PROGRAM LIBRARY 

4 PROGRAM NO, P-50 S3A 

6 

7 "IREU BOOTSTRAP FOR THE P-50 SERIES COMPUTER 
10 
11 

12 A. UPERATING INSTRUCTIONS! 

13 1. CONNECT THE BOOTSTRAP CARD TO PROPER PLUG ON MAIN fRAHE, 

15 2. VERIFY ThaT THE READER AND LOCATION 25 (OCTAL) OF THE 

16 dOOTSTPAP PROGRAM *Ill REFER TO The SAME CHANNEL. 

20 3. SELEC T nRITE MODE AND MASTER CLEAR. 
21 

22 « USING A GROUNDED PR09E. CAREFULLY TRACE PATH ON 800T- 

23 STRAP CARD. CROSSING ALL EXPOSED CONDUCTORS IN SEQUENCE, 

24 <THb 80U t STRaP ALSO May BE LOADED MANUALLY,) 

26 5, remove bootstrap card from main frame plug. 

30 6. place the tape of the binary loader, bootstrap format, 

31 in header and tu*n header on, '.if the asr reader is used. 

32 PLACE S*;tch ON LINE. IF The aSR SET IS NOT TURNED ON, 

33 EXECUTE AN OUTPUT INSTRUCTION TO Th£ aSR SET WHILE IN SINGLE 

34 5T E M *I Tm Th E ACCUMULATOR CONTAINING THE TURN-ON CHR-J77«o.} 

36 7. SELECT RUN MODE. MASTER CLEAR, AND STaRT. 
37 

40 8. RITh LOCKOUT SET , THE BOOTSTRAP PROGRAM MILL READ IN 

4 * T HE dINARY LOADER AND TRANSFER TO THE FIRST LOCATION OF IT 

43 9. fOR The REMAINDER OF The START UP PROCEDURE, SEE Tme 

*' b(00T5Tw»PPED BINARY LOADER DESCRIPTION, 
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B, BOOTSTRAP FORMAT I 

FIRST WORD OF THE TAPE IS THE LAST LOCATION PLUS ONE OF 
THE PROGRAM, 

THE FOLLOWING WORDS ON THE TAPE ARE STORED IN OECENDING 
ORDER . 

EACH MORD IS COMPOSED OF TWO SEVEN-BIT CHARACTERS IN 
REVERSE ORDER. 

THE FIRST CHARACTER. MHICH IS THE LOW ORDER SEVEN BITS, 
IS DENOTED BY A PUNCH IN TAPE CHANNEL S, 

BLANK TAPE IS IGNORED WHEN LOOKING FOR FIRST CHARACTER. 

THE SECOND CHARACTER. WHICH IS THE HIGH QRDBR SEVEN 
BITS. IS DENOTED BY A NON-PUNCH IN TAPE CHANNEL •. 

IF A WORD CONTAINS TWO PUNCHES IN TAPE CHANNEL 8. CONTROL 
IS TRANSFERRED TO THE BEGINNING OF THE LOADED PROGRAM. 



C. TINE DELAY 

LOCKOUT AND A TINE DELAY REPLACE THE READER INTERRUPT. 

THE TIME DELAY IS (1*3) • 4.5USEC • 6209 • .167SBC0NDS 

THE SLOWEST READER IS ASSUMED TO BE FASTER THAN SIX 
CHARACTERS PER SECOND. 



DATE 4/27/65 TIME 2/50/35 P.I. 

c «0JECT NO. 5.J0053 PROGRAMMER E.E. O.hARE 'APE NUMBER 512632 
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MIRED BOOTSTRAP FOR THE P 
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00000 




UKG 


PC 




110 


013000 




00020 




OCT 


REaDC 


READ A CmaRa 


111 


00001 




00001 


STOHAU 


OCT 


L 


STORAGE I 


112 


OiJ002 


10 


040 


2MALF 


ADO 


TEMP 


COMBINE FIRS 


113 


011003 


14 


101 


T1MCON 


LSH 


ACC 


PLACE BIT 


114 


01)004 


37 


1 001 




S*L 


STORAG. I 


STORE COMPLE 


115 


011005 


01 


001 




OCR 


S'ORAG 


DECREASE 


116 


00006 


36 


020 


1HALF 


HJP 


READC 


GET FIRST CH 


117 


00007 


20 


005 




*JP 


L-l 


IGNORE BL 


120 


00010 


02 


101 




CMfl 


ACC 


CLEAR TAPE C 


121 


00011 


14 


101 




LSH 


ACC 


SHIFT FIR 


12? 


00012 


14 


02 7 




LSh 


sn:r T 7 


THE SHIFT IS 


1?< 


00013 


27 


010 




vj? 


L-2 


IS THE SH 


1'* 


01)014 


37 


040 




S> T L 


"fcMP 


S T ORE SHIFTE 


\'~. 


00015 


36 


020 




KJP 


READL 


GET SECON 


126 


00016 


21 


031 




EJP 


2ha.f 


IF Br 13'.TA 


127 


00017 


24 


1 001 




JMP 


S T C«AG, I 


IF ON. TR 


130 


00020 




0C005 


WEAUC 




l^ALF-1 


F!RS T T IME. 


131 


00021 


01 


100 




OCR 


T IMDLY 


DECREMENT 


132 


00022 


27 


320 




PJP 


L-l 


DELAY UNTIL 


133 


00023 


32 


005 




fcNL 


TIMCUN 


TIMCON « 


134 


00024 


37 


100 




S'L 


TIMDLY 


RESET DELAY 


135 


00025 


30 


000 




in: 


• • 


INPUT ONE 


136 


00026 


24 


1 020 




kTn 




RETURN WITH 


137 


00027 




20100 


SHIFT7 


OCT 


20100 


FLAG FOR 


140 






00040 


TEMP 


bUU 


32 


TEMPORARY ST 


141 






00100 


TIMDLY 


fcUU 


64 


TIME DELA 


142 






00000 




ENQ 







s 

CTER AND IGNORE- 00 

NDEX, FIRST WORD HERE. 01 

T CHARACTER WITH FIRST. 02 

S IN PROPER POSITION, 03 

TE WORD IN CORE, 04 

STORAGE INDEX BY ONE, OS 

ARACTER OF WORD, 06 

.'.NK FIRST CHARACTERS, 07 

HANNEL S. 10 

ST CHARACTER TO LOW END, 11 

PERFORMED SEVEN TIMES. 12 

IF'ING OPERATION DONE? 13 

FlrtS* CHARACTER, 14 

D CHARACTER OF WORD, 15 

PE Ch.8) OFF, FORM WORD, 16 

ANSFER t O PROGRAM 17 

RE T UHN *0 GE T FIRST CHR . 20 

TIME DELAY. 21. 

TIME DELAY IS NEGATIVE. 22 

(3*3)»4. 5*6209 1 .167SEC. 23 

WITH TIME DELAY CONSTANT. 24 

EIGHT-BIT CHAR ; (6-13), 25 

CHARACTER INPUTED. 26 

SHIFTING SEVEN TIMES. 27 
ORAGE FOR FIRST CHR , 
Y. AUTOMATICALLY RESET. 



(S) 
00020 
00001 
10040 
14101 
37401 
OlOOi 
36020 
20005 
02101 
14101 
14027 
27010 
37040 
36020 
21001 
244Q1 
00005 
01100 
27020 
32003 
37100 

300«. q / 
24420 
20100 



I 

OS 
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NUMBER Or OUTPUT RECORDS 98. 
NUMBER Or BINARY RECORDS 27. 



BOOTSTRAPPED BINARY LOADER (S4A) 

I. Purpose 

To load P-50 binary tapes into core with both latitudinal (parity) and longitudinal 
(checksum) error checking. 

II. Description of Operation 

A. Read in the "Binary Loader, Bootstrap Format" paper tape using the bootstrap. 
(See Bootstrap Description for details.) 

B. Enter the following parameters if necessary: 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the S-Register with the parameter location. 

3. Using the probe, load the X-Register with the parameter constant; depress 
the Start button. 

4. Repeat 2 and 3 until all the desired parameters have been entered. 

Description 

Input command to access same reader as used by 
bootstrap. (XX denotes reader channel.) 

Standard High Speed Reader Interrupt Location. 

Standard ASR Reader Interrupt Location. 

Address, minus one, where control is transferred 
when a stop code is read. 

(X is 0, 1, 2 or 3 depending on which bay the binary loader is in.) 

C. Read in the desired binary tape using the bootstrapped binary loader. 

1. Place the binary tape under the paper tape reader. If the ASR reader is 
used, the binary loader assumes that it has already been turned on by the 
computer. (See turn on procedure in Bootstrap description.) 

2. Place machine in RUN mode. 

3. Depress the Master Clear button. 

4. Depress the Start button. 

5. If no errors are detected, the tape will be input up to and including the 
stop or transfer code. 

D. Normal Completion 

1. If the tape contains a stop code at the end of the tape, the computer will 
either stop with the S-Register (bits 0-7) set to 202s or will transfer 
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Location 


Preset 


X7750 


300XX 


X7766 


00007 


X7767 


00010 


X7771 


X7601 



automatically to the T0P program In the P-50 Executives, depending on 
whether location X7771 was preset to X7601 or 401. 

2. If the tape contains a transfer code at the end of the tape, the computer 
will transfer control to the specified transfer location. 

E. Error Stop 

If the error checking procedure finds an error, the computer wi stop with 
the S-Register (bits 0-7) set to either of the following: 

1. S-Register (0-7) ■ 4: Parity Error 

2. S-Register (0-7) = 5: Checksum Error 

To reread the binary tape, replace It under the reader at the beginning of the 
tape and depress the Start button. 

F. Using the Binary Loader after a Time Lapse 

To read in binary tapes after other programs have been executed, the follow- 
ing procedure must be followed. (This assumes that the bootstrapped binary 
loader remains in core.) 

1. Put machine in WRITE mode; depress Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the 
bootstrapped binary loader (X7602, where X = 0, 1, 2, or 3 depending on 
which bay the loader Is in); depress the Start button. 

3. Execute Step C of this section. 
III. Program Comments 

A. When the bootstrap program transfers control to the binary loader, the input 
command used by the bootstrap is stored in location X7750, thus the loader 
is preset to use the same reader as the bootstrap. 

B. The loader assumes that the reader interrupt location is either 7s or 10g. 

C. The input of a stop code on the binary tape will either result in a stop with 
the P- Register set to X7602 or a transfer to the executives, depending on 
how location X7771 is preset. 

D. The above three items may be changed as indicated in Section II. B. 

E. The bootstrapped binary loader does not load any interrupt locations until it 
is completely finished so that it cannot be interrupted during the loading 
process. Because of this precaution, the loader will not function properly 
when an attempt Is made to load Into core locations 7475g to 7777g or when 
binary tapes are loaded consecutively in bay zero. (This is no restriction 
since the programmer's console will perform these functions once the ex- 
ecutives are entered. Also, a binary loader In the binary form may be en- 
tered in this manner.) 
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F. The bootstrapped binary loader will not load correctly into its particular 
area of core (X7600g -X7777 8 ), where X = 0, 1, 2, or 3 depending on which 
bay the loader is in. 

G. A transfer to location zero or location 37777s is interpreted as a stop code. 
Attempted storage into location zero is ignored. 

H. Tapes containing the bootstrapped binary loader in the bootstrap format are 
available from the Program Library for all four bays of core; tapes contain- 
ing the binary loader in the binary form are also available for all four bays 
of core. 

IV. Storage 

Number of locations used: 200g (X7600-X7777). 
V. Run Time 

The bootstrapped binary loader runs at the speed of the reader. 
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DATE «/2?/65. TIME 2/b3,07 P.H, ^ PAGE 1 "^ 

PROJECT NO, 530053 PROGRAMMER E.E, O.hare TAPE NUMBER 512633 "^\ 

1 BOOTSTRAPPED BINARY LOADER 

2 

3 PROGRAM LIBRARY 

4 PROGRAM NO. P-50 S4A 
5 
6 
7 1. READ IN BINARY LOADER. BOOTSTRAP FORMAT, USING 

10 THE BOOTSTRAP PROGRAM (SEE BOOTSTRAP DESC* IPT ION J . 

11 

12 2. AFTER THE BOOTSTRAP PROGRAM TRANSFERS TO ThE BINARY 

13 LOADER, THE BINARY LOADER "ILL STOP KITH ThE S-REGISTER 

14 (BITS 0-7) SET TO A (202). 
15 

16 3. PLACE BINARY TAPE TO BE LOADED IN SAME INPUT DEVICE 

17 AS USED BY THE BOOTSTRAP PROGRAM (THE FORMAT OF A BINARY 
20 TAPE IS DESCRIBED IN THE PROGRAMMER, S CONSOLE WRITEUP), 
21 

22 4, PLACE MACHINE IN RUN MODE. PUSH MASTER CLEAR BUTTON, 

23 AND THEN PUSH THE START BUTTON. 
24 

25 5. IF BINARY TAPE CONTAINS A STOP CODE AT THE END. THE 

26 PROGRAM HILL EITHER STOP WITH THE S-REGISTER (BITS 0-7) SET 

27 TO A (202) OR TRANSFER TO THE P-50 EXECUTIVES. DEPENDING 
30 ON HOW THE BINARY LOADER MAS PRESET. 
31 

32 IF BINARY TAPE CONTAINS A TRANSFER CODE AT THE END, THE 

33 PROGRAM HILL TRANSFER TO THAT LOCATION SPECIFIED BY THE 

34 TRANSFER CODE. 
35 

36 6, IF A PARITY ERROR (ODD PARITY CHECKING) OCCURS, THE 

37 PROGKAM HILL STOP HJTH THE S-REGISTER ( BITS 0-7) SET TO A l4j. 

40 

41 IF A CHECKSUM ERROR (14 BIT SUM ON WORDS) OCCURS. THE 

42 PROGRAM HILL STOP WITH THE S-REG I STER ( B I TS 0-7) SE T A 15J. 
43 

44 TO RESTART ON EITHER OF THE ABOVE TWO ERRORS. DEPRESS 

45 MASTER CLEAR BUTTON AND THEN DEPRESS STaRT BUTTON, ArTER 

46 REPOSITIONING TaPE IN INPUT DEVICE. 
47 



DATE 4/27/65, TIME 2/53/37 P.M. 
PROJECT NO, 530053 PROGRAMMER E.E. O.HARE 



PACE 2 



TAPE NUMBER 512633 



SO 
51 
52 
53 
54 
55 
56 
57 
60 



EJE 



7. TO RESTART, SET THE P-REGISTER TO X7602. WHERE (X) 
IS EITHER 0. 1. 2, OR 3 DEPENDING ON WHICH BAY OF CORE 
THE BINARY LOADER HAS BEEN ASSEMBLED FOR, 

N.B. ••• THE BINARY LOADER USES THE SAME INPUT DEVICE AS THE 
BOOTSTRAP. ASSUMES THAT THE INPUT DEVICE. S INTERRUPT IS 
EITHER AT LOCATION SEVEN OR TEN (OCTAL). AND MILL NOT LOAD 
CORE LOCATIONS 7475 TO 7777 (OCTAL) PROPERLY, 
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PROJECT NO. 530053 PROGRAMMER E.E. O.HARE 
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1 
1 
1 

1 
1 
1 
1 

1 

i 
i 

i 
i 
l 
l 

i 

12 

12 

122 

12 

12 

125 

12 

12 



TAPE NUMBER 512633 
BOOTSTRAPPED BINARY LOADER FOR THE P-50 SERIES COHPUTER 



07600 
07601 
07602 

07603 
07604 
07605 
07606 
07607 
07610 

07611 
0761* 
07613 
07614 
07615 
07616 
07617 



ooooo 

00000 
00007 
00010 
00025 

00402 
07602 



07602 



07600 
32 1 370 

37 350 
00 202 



32 
37 
32 
37 
01 
27 

23 
32 

37 
32 

37 
37 
36 



365 
375 
364 
375 
375 
205 

211 
363 
362 
361 
366 
367 
347 



UNU 
A HED THE FOLLOWING ARE PROGRAM PaRamETERSI 

BAY EOU BAY OF CORE WHERE BINARY LOADER MILL BE 

STPND EOU STOP INDEXI 0-STOPl i-TRANSFER TO EXECS. 

HSRLO EUU 7 HIGH SPEED READER INTERRUPT LOCATION 

ASR SET READER INTERRUPT LOCATION 
INPUT DEVICE. S CHANNEL LOC, FROM BOOTSTRAP 



ASRLO 8E0U 10 
RCHLO 8EQU 25 



STPEX 8EQU 402 

STPBL 8E0U BAY»10000*7602 

RPT STPND 

OLE STPND 
STP EUU STPBL 



BjNLD 80RG BAY*10000«7600 

ENL RDCHL.I 

STL INCOM 

STP L 

VSTART ENL ACC) 

STL COUNT 

J 8ENL 23400) 

STL COUNT. I 

OCR COUNT 

PJP L-2 

CLJ L*l 
J ENL RDRTN-l) 

J STL ACC*1 

J 8ENL 23400«ACC-»D 

STL HSR1L.1 

STL ASRIL.I 

RJP INPUT 



STOP FOR EXECUTIVES (TOP ROUTINE) 
STOP FOR BINARY LOADER 

STOP IN BINARY LOADER CS-R66ISTER • (202) 



GET CORRECT READER CHANNEL FROM BOOTSTRAP 
STORE INPUT COMMAND IN BINARY LOADER 
NORMAL STOP FOR BINARY LOADER! S-REG*(2Q2) 

NORMAL START FOR BINARY LOADER 

STORE IGNORE INTERRUPTS (CLJ . I • 23400) 
IN ALL THE INTERRUPT LOCATIONS 



CLEAR INITIAL LOCKOUT 

STORE READER INTERRUPT RETURN 

READER INTERRUPT COMMAND (CLJ ACOl.P 

STORE IN READER INTERRUPT LOCATIONS 
IGNORE FIRST GARBAGE CHARACTER 
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130 










fcJE 




191 


07620 


36 





276 


NBNBK RJP 


IBNWQ 


132 


07621 


05 





376 


EDR 


TORCS 


133 


07622 


21 





223 


EJP 


L*2 


134 


07623 


22 





250 


SLJ 


STPTR 


135 














136 


07624 


37 





373 


STL 


CKSUM 


137 


07625 


10 





360 


J ADD 


AC02) 


140 


07626 


37 





374 


ST L 


OrtIGN 


141 


07627 


12 





357 


J BAND 


30000) 


142 


07630 


20 





232 


ZJP 


NBNWD*1 


143 


07631 


32 





373 


ENL 


CKSUM 


144 


07632 


37 





374 


NBNHD STL 


ORIGN 


145 


07633 


36 





276 


RJP 


I8NUD 


146 


07634 


01 





376 


OCR 


TORCS 


147 


07635 


21 





236 


EJP 


L*2 


150 


07636 


37 


1 


374 


STL 


ORIGN. I 


151 


07637 


10 





373 


ADD 


CKSUM 


152 


07640 


37 





373 


STL 


CKSUM 


153 


07641 


32 





374 


ENL 


ORIGN 


154 


07642 


10 





356 


J ADD 


1> 


155 


07643 


01 





376 


DCR 


TORCS 


156 


07644 


21 





231 


EJP 


nBnhd 


157 


07645 


32 





373 


ENL 


CKSUM 


160 


07646 


20 





217 


ZJP 


NBNBK 


161 


07647 


00 





005 


STP 


5 


162 


0765(1 


24 





202 


JMP 


START 



GET FIRST WORD OF NEXT BINARY BLOCK 
CHECK FOR A TRANSFER OR STOP CODE 

MORD IS A TRANSFER OR STOP CODE 

STORE AS FIRST WORD OF CHECKSUM 

HOVE ORIGIN ABOVE INTERRUPT LOCATIONS 

STORE CURRENT ORIGIN STATEMENT 

ORIGIN STATEMENT IS IN BAY ZERO 

ORIGIN NOT IN BAY ZEROl USE ACTUAL ORIGIN 

STORE CURRENT ORIGIN STATEMENT 

GET CONTENTS OF CURRENT ORIGIN STATEMENT 



WORD IS NOT A CHECKSUMI STORE CONTENTS 
PLACE WORD IN CHECKSUM AND STORE 
INCREASE ORIGN BY ONE 

WORD IS NOT A CHECKSUM! GET NEXT WORD 
WORD IS A CHECKSUM 

BINARY BUFFER CORRECT, PROCEED WITH NEXT 
CHECKSUM ERRORI S-REGISTER SET TO A FIVE 
RESTART BINARY LOADER 
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PAGE 



163 










164 


07651 


32 


1 


365 


165 


07652 


20 





254 


166 


07653 


11 





356 


167 


07654 


24 





255 


170 


07655 


32 





371 


171 


07656 


37 





374 


172 










173 


07657 


32 





360 


174 


07660 


37 





376 


175 


07661 


32 





356 


176 


07662 


37 





375 


177 


07663 


32 





376 


200 


07664 


10 





356 


201 


07665 


37 





376 


202 


07666 


32 


1 


376 


203 


07667 


37 


1 


375 


204 


07670 


32 





375 


205 


07671 


10 





356 


206 


07672 


37 





375 


207 


07673 


11 





355 


210 


07674 


20 


1 


374 


211 


07675 


24 





262 



EJE 
STPTR ENl ACC 
2JP L*3 
SUB i) 
JMP f2 
ENl STOP 
ST L ORIGN 

ENL AC02) 
STL SCORE 
ENL D 
STL CURE 
CYCLE ENL SCORE 
ADD 1) 
STL SCORE 
ENL SCORE, 1 
ST L CORE. I 
ENL CORE 
ADD 1) 
STL CORE 
' 8SUB 7600'ACC-2) 
2JP ORIGN, I 
JMP CYCLE 



RESTORE ZERO DESIGNATOR 

TRANSFER CODE WAS A STOP CODE ('0 OR -0 > 

DECREMENT TRANSFER BY ONE 

TRANSFER TO TRANSFER LOCATION 

TRANSFER TO A STOP OR P-50 EXECS, 

STORE TRANSFER 



SET SHIFTED CORE INDEX 

SET CORE INDEX 

INCREMENT SHIFTED CORE INDEX BY ONE 
(NOTEIONE CANNOT LOAD INTO 00000) 

SHIFT CONTENTS OF CORE DOWN TO PROPER LOC. 

INCREMENT CORE INDEX BY ONE 

MOVE BAY ZERO DOWN TO INTERRUPT LOCS. 
TERMINATE BINARY LOADER WITH LOCKOUT SET 
SHIFT ALL WORD IN BAY ZERO DOWN 
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212 
213 
214 
215 
216 
217 
220 
221 
222 
223 
224 
225 
22* 
227 
230 
231 
232 
233 
234 
235 
236 
237 
240 
241 
242 
243 
244 
245 
246 
247 
250 
251 
252 
253 
254 
255 
256 
257 
260 



EJE 

07676 00000 " IBNWD , , , 

07677 05 354 j EDR ♦O) 



07700 32 354 



07701 37 C 375 



ENL *0) 



STl PARTY 



07702 06 372 



SDR 10R3F 



07703 06 376 



SDR TORCS 



INPUT A BINARY WORD OF THREE CHARACTERS 
CLEAR OVERFLOW DESIGNATOR 

THE FOLLOWING CONSTANT (00000) IS USED TO 
INITIALIZE THREE INDICATORS, THEIR 
INITIALIZATION AND USE ARE EXPLAINED BELOW 

THE PARTY INDICATOR IS INJTULY SET TO 
AN EVEN NUMBER. IT COUNTS THE NUMBER 
OF BJts IN a CHARACTER AND ThEN JT fS 
TESTED TO ASCERTAIN If THE 
CHARACTER HAD CORRECT ODD PARITY, 

r*? sur3f indicator is used to ascertain 

KHICH CHARACTER (1,2, CR 3) OF THE WORD 
1$ BEING PROCESSED. THE INDICATOR IS 
SE? INITIALLY TO 34 (OCTaL) AND IS 
SHIFTED WHEN THE THIRD CHARACTER IS BEING 
CHECKED. THE INDICATOR IS TESTED BY 
USING THE DESIGNATORS AS SHOWN BELOWI 



10R3F 
INITIALLY! 
1ST SHIFTl 
2ND SHIFTl 
3RD SHIFTl 



E Z P C 
1110 
1 1 1 
1 l 1 
11 



IT IS THE FIRST CHARACTER WHEN THE 10R3F 
IS PLACED IN THE DESIGNATOR AND THE 
OVERFLOW DESIGNATOR IS NOT SET. IT IS 
THE THIRD CHARACTER WHEN A CARRY IS 
PROPAGATED BY A RIGHT SHIFT ON THE 10R3F. 

THE TORCS INDICATOR INITIALLY SETS BITS 
AND 13 TO A ZERO AND BIT 4 TO AN ONE. 
IF A WORD IS A TRANSFER (OR STOP CODE), 
BIT 4 IS SET TO A ZERO, IF A WORD IS A 
CHECKSUM, BIT 13 IS SET TO AN ONE. 



DATE 4/27/65. TIME 2/53/51 P.M. 
PROJECT NO, 530053 PROGRAMMER E.E. O.haRE 



PAGE 



TAPE NUMBER 512633 



261 










262 


07704 


37 





377 


263 


07705 


36 





347 


264 


07706 


32 


1 


365 


265 


07707 


20 





304 


266 


07710 


27 





312 


267 


07711 


01 





375 


270 


07712 


02 


1 


365 


271 










272 


07713 


14 


1 


365 


273 


07714 


27 





317 


274 


07715 


01 





375 


275 


07716 


02 


1 


365 


276 


07717 


03 





376 


277 










300 


07720 


14 


1 


365 


301 


07721 


27 





326 


302 


07722 


01 





375 


303 


07723 


05 





372 


304 


07724 


26 





326 


305 


07725 


02 


1 


365 


306 


07726 


16 





376 



LOOP 



CKCSB 



CKTHB 



EJE 

STl word 
rjp input 

ENL ACC 
2JP L-2 

pjp cKcse 

DCR PARTY 
CMB ACC 

LSm ACC 
PJP CKTRB 
DCR PARTY 
CMB ACC 
SUB TORCS 

LSH ACC 
PJP CKBTS 
DCR PARTY 
EDR 10R3F 
OJP CKBTS 
CHB ACC 
RSH TORCS 



SAVE PARTIAL WORD GENERaTEO THUS FAR 
INPUT ONE CHARACTER 
RESET DESIGNATORS 
IGNORE BLANK TAPE 

parity bit (tape channel 0> set 
strip off parity bit 

CHECK FOR CHECKSUM BIT (TaPE CHANNEL 7) 

CHECKSUM BIT SET 

STRIP OFF CHECKSUM BIT 

SET CHECKSUM FLAG (BIT l3»l AND BIT 0»0) 

CHECK FOR TRANSFER BIT (TAPE CHANNEL 6) 

TAPE CHANNEL 6 SET 

CHECK WHETHER FIRST CHARACTER OF MORD 

NO. IT IS NOT 

TRANSFER CODE, STRIP OFF BIT 

SET TRANSFER FLAG (BIT 4*01 EVEN DESIGNTR) 



to 
i 
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30? 












EJE 






310 


7727 


05 





353 


VCKBTS 


EDR 


5) 




311 


07730 


06 





347 




SDR 


SHFT5 




312 


07731 


13 





377 




EOR 


WORD 




313 


07732 


14 


1 


365 


SHIFT 


LSh 


ACC 




314 


07733 


27 





334 




PJP 


L*2 




315 


07734 


01 





375 




DCR 


PARTY 




316 


07735 


01 





347 




DCR 


SHFT5 




317 


7736 


27 





331 




PJP 


SHIFT 




320 


















321 


07737 


01 





375 




OCR 


PARTY 




322 


07740 


21 





342 




EJP 


NOPER 




323 


07741 


00 





004 




STP 


4 




324 


07742 


24 





202 




JMP 


START 




325 
















to 


326 


07743 


14 


1 


365 


NOPER 


USH 


ACC 


1 


327 


07744 


16 





372 




RSH 


10R3F 


H- 1 


330 


07745 


25 


1 


276 




CJP 


IBNWD. I 




331 


07746 


24 





303 




JMP 


LOOP 




332 


















333 


07747 




00000 


INPUT 


* ■ ■ 






334 






07747 


SHFT5 


SYN 


INPUT 




335 


07750 


30 





000 


INCOM 


INT 


• • 




336 


07751 


01 


1 


354 




DCR 


PC 




337 


07752 


24 


1 


347 


RDRTN 


RTn 





CHECK REST OF BITS (TAPE CHANNEL 1-5) 
SET SHIFT FLAG TO SHJFT FIVE TIMES 
CORJ PARTIAL WORD GENERATED THUS FAR 



BIT SET, DECREMENT PARITY INDICATOR 



TEST FOR ODD PARITY 

PARITY ERRORl S-REGISTER SET TO A FOUR 
RESTART BINARY LOADER 

POSITION BINARY WORDI 1»0-1, 210-7, 310-13 
CHECK WHETHER THIRD CHARACTER OF WORD 
RETURN W{Th BINARY WORD IN ACCUMULATOR 
BET NEXT CHARACTER 



COUNTER FOR SHIFTING FIVE TIMES 

INPUT ONE CHR ON SAME CHA, AS BOOTSTRAP 

WAIT FOR INTERRUPT 

INTERRUPT RETURN 
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to 



340 






EJE 


341 






GEN 




07753 


00005 


MRQ 




07754 


00000 


MRD 




07755 


07475 


MRD 




07756 


00001 


MRD 




07757 


30000 


MRD 




07760 


00103 


MRD 




07761 


23502 


MRD 




07762 


00102 


MRD 




07763 


07751 


MRD 




07764 


23400 


MRD 




07765 


00101 


MRD 
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to 

CO 



342 










THE FO 


343 


07766 


00007 


HSRIL 


OCT 


HSRLO 


344 


07767 


00010 


ASRIL 


OCT 


ASRLO 


345 


07770 


00025 


RDCHl 


OCT 


RCHLO 


346 


07771 


07601 


STOP 


OCT 


STP-i 


347 












350 




07772 


10R3F 


SYN 


STOP^l 


351 




07773 


CKSUM 


SYN 


STOP*2 


352 




07774 


ORIGN 


SYN 


ST0P*3 


353 




07775 


PARTY 


SYN 


ST0P*4 


354 




07776 


TORCS 


SYN 


ST0P*5 


355 




07777 


WORD 


SYN 


SfOP*6 


356 




07775 


COUNT 


SYN 


PARTY 


357 




07775 


CORE 


SYN 


PARTY 


360 




07776 


SCORE 


SYN 


TORCS 


361 




00000 




END 





TAPE NUMBER 512633 

THE FOLLOWING MAY BE PROGRAM INPUTS 

HIGH SPEED READER INTERRUPT LOCATION 
ASR SET READER INTERRUPT LOCATION 
READER CHANNEL LOCATION FROM BOOTSTRAP 
BINARY LOADER. S TRANSFER ON STOP CODE 

FIRST OR THIRD CHARACTER FLAG 

CHECKSUM LOCATION 

NEXT LOCATION TO STORE A BINARY WORD 

PARITY INDEX COUNTER 

TRANSFER OR CHECKSUM FLAG 

TEMPORARY STORAGE FOR PARTIAL RESULT 

COUNTER FOR STORING IGNORE INTERRUPTS 

CORE INOEX 

SHIFTED CORE INDEX 
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to 



COMMAND EXECUTE TEST (D9A) 
I. Purpose of Test 

To verify the proper operation of each Instruction, except Input and output, of the 
P-50 repertoire. 

II. Description of Test 

The program consists of an initialization routine which executes, stops and checks 
four Instructions (EDR, JMP, ZJP, RJP); twenty-five routines which test the arith- 
metic and/or logic of each Instruction; seventeen subroutines which verify the 
proper designator settings; and a number of error routines which display the in- 
valid instructions. 

As each Instruction is tested and verified, it Is added to the working repertoire of 
instructions. 

During initialization each of four instructions is executed individually. If it func- 
tions properly a "Stop Check" occurs, If it falls, an "Error Stop" occurs (see 
Stop Summary). Each stop enters the designators with the operation code of the 
instruction tested and places the stop number in the S- Register (bits 7-0). The 
"Stop Check" verifies the proper operation of the instruction. 

I 
Following initialization there is a brief build-up of the working repertoire of in- 
structions (ENL, SUB, STL). Later on these Instructions are tested more exten- 
sively. 

The core of the program tests each Instruction individually, assuming only the 
working repertoire. 

The designator subroutines check the designator settings after the execution of 
each instruction. 

m. Description of Operation 

A. Read In the binary tape of the Command Execute Test using the bootstrapped 
binary loader. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X- Register with the starting location of binary 
loader (X7602); depress the Start button. 

3. Put machine in Run mode; depress the Master Clear button. 

4. Place binary tape under the tape reader. 

5. Turn the reader om 

6. Depress the Start button. 

7. After the test has been read in, it will transfer to Its starting location 
and begin. 



3-1 



B. The test should stop four times with the designator and 8- Register set as 
follows: 

Designator S-Register (bits 7-0) 

5 1 

24 2 

20 3 

36 4 

When the stop occurs check the Designator and S-Regiater for the proper 
setting. If the settings are correct, depress the Start button. After the four 
Stop Checks the program will run continuously. 

C. If four bays of core are not present, Stop 5 will occur once for each absent 
bay. See the Stop Summary. 

D. If another stop occurs one of the Instructions is not working. Cheok the Stop 
Summary for the description of the stop and the location of the test routine 
in which it occurred. See the program listing for further explanation. 

If a stop other than those specified occurs, a portion of the test has either 
been loaded Incorrectly or destroyed. 

To continue testing, depress the Start button. However, unless the malfunc- 
tion of the instruction in error has been corrected, the remainder of the test 
may not work properly. 

IV. Storage 

Number of locations used: 2414 8 (5001 8 - 7414 8 ). 
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STOP SUMMARY 

—COLUMN— —COLUMN CONTENT- 

STOP STOP NUMBER IN THE S-RE6ISTER (BITS 7-0) MHICH COINCIDES NITH AN ERROR 
NUMBER ON THE PROSRAH LISTING. FOR EXAMPLE. STOP 210 ■ ERR210. 

DESI0NATOR OPERATION CODE Or THE INSTRUCTION BEINB TESTED, 

MNEMONIC MNEMONIC OF THE INSTRUCTION BEINB TESTED. 

TEST PROGRAM TEST NUMBER IN NHIOH THE ERROR OCCURRED. 

LOCATION LOCATION OF THE TEST ROUTINE. 



CO 

i 

CO 



CO 



STOP 


1 DESlONATOf 


) MNEMONIC 


TEST 


LOCATION 


1 


5 


EDR 


1 


5001 


2 


24 


JMP 


2 


5003 


3 


20 


ZJP 


3 


3006 


4 


36 


RJP 


4 


5016 


5 


1 


STL 


7 


5042 


5 


2 


STL 


7 


5053 


5 


3 


STL 


7 


5064 



10 

11 

12 
13 
14 

15 

16 

20 
23 

24 

25 

26 



2 
2 

2 

2 

2 



DCR 



OCR 
DCR 
DCR 
OCR 
DCR 
DCR 
DCR 
DCR 
DCR 
DCR 
DCR 
DCR 
DCR 
DCR 
DCR 
DCR 

CHB 
CNB 
CHB 
CHB 
CHB 
CHB 
CHB 
CHB 
CHB 



8A 



21 
23 
21 
23 

20 
22 
20 
21 
22 
23 
20 
21 
22 
23 
20 
22 

13 
20 
22 
20 
22 
20 
22 
20 
22 



5134 



7165 
7215 
7165 
7215 
6547 
6577 
6547 
7165 
6577 
7215 
6547 
7165 
6577 
7215 
6547 
6577 

5434 
6546 
6576 
6546 
6576 
6546 
6576 
6546 
6576 



DESCRIPTION OF STOP 



CHECK STOP, SHOULD OCCUR 
CHECK STOP, SHOULD OCCUR 
CHECK STOP, SHOULD OCCUR 
CHECK STOP, SHOULD OCCUR 

STL INTO BAY 1 DID NOT MONK 
STL INTO BAY 2 DID NOT HORK 
STL INTO BAY 3 DID NOT NORK 

CONTINUOUSLY DCR THE NUHBER 
FROH THE NUHBER IN ANOTHER 
AT THE SANE TIHE 
OCR NEGATIVE NUHBER SET THE 
OCR NEGATIVE NUHBER SET THE 
OCR NEGATIVE NUMBER SET THE 
OCR NEGATIVE NUHBER SET THE 
OCR POSITIVE NUHBER DID NOT 
DCR POSITIVE NUHBER DID NOT 
OCR POSITIVE NUHBER SET THE 
DCR NEGATIVE NUHBER SET THE 
OCR POSITIVE NUHBER SET THE 
DCR NEGATIVE NUHBER SET THE 
OCR POSITIVE NUHBER DID NOT 
OCR NEGATIVE NUH8ER DID NOT 
DCR POSITIVE NUHBER DID NOT 
OCR NEGATIVE NUHBER DID NOT 
DCR POSITIVE NUHBER DID NOT 
OCR POSITIVE NUHBER DID NOT 



CHB NEGATIVE 
CHB NEGATIVE 
CHB NEGATIVE 
CHB NEGATIVE 
CHB NEGATIVE 
CHB NEGATIVE 
CHB NEGATIVE 
CHB NEGATIVE 
CHB NEGATIVE 



NUHBER 
NUHBER 
NUHBER 
NUHBER 
NUHBER 
NUHBER 
NUHBER 
NUHBER 
NUHBER 



IN ONE LOCATION AND SUBTRACT ONfc 
LOCATION. BOTH DID NOT REACH ZERC 

POSITIVE INDICATOR 

POSITIVE INDICATOR 

OVERFLOW INDICATOR 

OVERFLOW INDICATOR 

SET THE OVERFLOW INDICATOR 

SET THE OVERFLOW INDICATOR 

ZERO INDICATOR 

ZERO INDICATOR 

ZERO INDICATOR 

ZERO INDICATOR 

SET END AROUND CARRY INDICATOR 

SET END AROUND CARRY INDICATOR 

SET END AROUND CARRY INDICATOR 

SET END AROUND CARRY INDICATOR 

SET THE POSITIVE INDICATOR 

SET THE POSITIVE INDICATOR 

DID NOT SET THE POSITIVE INDICATOR 
CLEARED THE OVERFLOW INDICATOR 
CLEARED THE OVERFLOW INDICATOR 
SET THE ZERO INDICATOR 
SET THE ZERO INDICATOR 
SET THE END AROUND CARRY INDICATOR 
SET THE END AROUND CARRY INDICATOR 
DID NOT SET THE POSITIVE INDICATOR 
DID NOT SET THE POSITIVE INDICATOR 



CHECK LOCATION TEST (6604) JF STOP INVOLVES TESTS 20-23. IT CONTAINS THE TEST NUHBER. 

P-SO D9A SS-2 



STOP DESIGNATOR HNEHONIC TEST LOCATION 



DESCRIPTION Or STOP 



30 


3 


SMB 


12 


5422 


31 


3 


SHB 


13 


5434 


33 


3 


SUB 


21 


7164 






SHB 


23 


7214 


34 


3 


SHB 


21 


7164 






SHB 


23 


7214 


35 


3 


SHB 


21 


7164 






SHB 


23 


7214 


36 


3 


SHB 


21 


7164 






SHB 


23 


7214 



60 



70 



SDR 



SQR 



10 



10 



5162 



5162 



CO 


100 


10 


ADD 


15A 


5526 


tn 


101 


10 


ADD 


15A 


5526 




102 


10 


ADD 


15a 


5526 




103 


10 


ADD 


15A 


5526 




104 


10 


ADD 


15A 


5526 




109 


10 


ADD 


15A 


5526 




106 


HI) 


ADD 


15B 


5566 




110 
111 


11 
11 


SUB 
SUB 


6 

8 


5025 
5075 




112 


11 


SUB 


8 


5075 




113 


11 


SUB 


8 


5075 



SHB NUHBER SET THE POSITIVE 
SHB NUHBER SET THE POSITIVE 
SHB POSITIVE NUHBER CLEARED 
SHB POSITIVE NUHBER CLEARED 
SHB POSITIVE NUHBER SET THE 
SHB POSITIVE NUMBER SET THE 
SHB POSITIVE NUHBER SET THE 
SHB POSITIVE NUHBER SET THE 
SHB POSITIVE NUHBER SET THE 
SHB POSITIVE NUHBER SET THE 



INDICATOR 

INDICATOR 

THE OVERFLOW INDICATOR 

THE OVERFLOW INDICATOR 

ZERO INDICATOR 

ZERO INDICATOR 

END AROUND CARRY INDICATOR 

END AROUND CARRY INDICATOR 

POSITIVE INDICATOR 

POSITIVE INDICATOR 



SDR IN ACCUMULATOR! SUBTRACT REAL VALUE, 
ZERO INDICATOR NOT SET 

SDR IN ACCUMULATOR! SUBTRACT REAL VALUE, 
ZERO INDICATOR NOT SET 

ADD POSITIVE ZERO TO POSITIVE ZEROl 

RESULT MAS NOT POSITIVE ZERO 

ADD NEGATIVE ZERO TO POSITIVE ZEROl 

RESULT MAS NOT NEGATIVE ZERO 

ADD POSITIVE ZERO TO NEGATIVE ZEROl 

RESULT MAS NOT NEGATIVE ZERO 

ADD NEGATIVE ZERO TO NEGATIVE ZEROl 

RESULT MAS riOT NEGATIVE ZERO 

ADD NEGATIVE NUMBER TO POSITIVE NUHBER I 

RESULT MAS NOT NEGATIVE ZERO 

ADD POSITIVE NUMBER TO NEGATIVE NUHBER I 

RESULT MAS NOT NEGATIVE ZERO 

ERROR IN THE ADDER TGST, SEE THE PROQRAH LISTING 

SUB A NUHBER FROM ITSELF, RESULT MAS NOT ZERO 

SUB POSITIVE ZERO FROH POSITIVE ZEROl 

RESULT MAS NOT NEGATIVE ZERO 

SUB NEGATIVE ZERO FROM POSITIVE ZEROl 

RESULT MAS NOT POSITIVE ZERO 

SUB POSITIVE ZERO FROH NEGATIVE ZEROl 

RESULT MAS NOT NEGATIVE ZERO 



CHECK LOCATION TEST (6604) IF STOP INVOLVES TESTS 20-23. IT CONTAINS THE TEST NUHBER. 

P-50 D9A SS-3 



STOP DSilGNATOR MNEMONIC 

114 11 SUB 

115 11 SUB 

116 11 SUB 



CO 

i 

05 



120 
121 
122 
123 

130 
131 
152 
133 

140 

141 
142 
143 
144 
145 
146 



12 
12 
12 
12 

13 
U 

13 
14 

14 

It 
14 
14 

14 
14 
1* 



AND 
AND 
AND 
AND 

EOR 
EOR 
EOR 
EOR 

LSH 

LSH 
LSH 
LSH 
LSH 
LSH 
LSH 



TEST LOCATION 

8 5075 

6 5075 

6 5175 



1«A 
14A 
14A 
14A 

14B 
14B 
14B 
148 

17 

17A 

17A 

24 

24 

24 

24 



5451 
5451 
5451 
5451 

5500 
5500 
5500 
5500 

5625 

5637 
5637 
6214 
6214 
6214 
6214 



DESCRIPTION Or STOP 

SUB NEGATIVE ZERO FROM NEGATIVE ZERO! 

KESULT WAS NOT NEGATIVE ZERO 

SUB POSITIVE NUMBER FROM SAME POSITIVE NUHBER 

KESULT MAS NOT NEGATIVE ZERO 

SUB NEGATIVE NUMBER FROM SAME NEGATIVE NUMBER 

RESULT HAS NOT NEGATIVE ZERO 

AND POSITIVE ZERO WITH POSITIVE ZEROI 

KESULT WAS NO" POSITIVE ZERO 

AND POSITIVE ZERO WITH NEGATIVE ZEROI 

RESULT WAS NOT POSITIVE ZERO 

AND NEGATIVE ZERO WITH POSITIVE ZEROI 

RESULT WAS NOT POSITIVE ZERO 

AND NEGATIVE ZERO WITH NEGATIVE ZEROI 

KESULT WAS NOT NEGATIVE ZEHO 

EOR POSITIVE ZERO WITH POSITIVE ZEROI 

RESULT WAS NOT POSITIVE ZERO 

EOR POSITIVE ZERO WITH NEGATIVE ZEROI 

RESULT MAS NOT NEGATIVE ZERO 

EOR NEGATIVE ZERO WITH POSITIVE ZEROI 

RESULT WAS NOT NEGATIVE ZERO 

EOR NEGATIVE ZERO WITH NEGATIVE ZEROI 

KESULT WAS NOT POSITIVE ZERO 

LSH NEGATIVE ALTERNATE ONES TWICE 

HESULT WAS NOT NEGATIVE ALTERNATEONES 

LSH NEGATIVE ZERO. RESULT WAS NOT NEGATIVE ZERO 

LSH POSITIVE ZERO, RE9ULT WAS NOT POSITIVE ZFRO 

LSH ALTERNATE ONES DID NOT SET THE OVERFLOW INDICATOR 

LSH ALTERNATE ONES SET THE EVEN INDICATOR 

LSH ALTERNATE ONES SET THE ZERO INDICATOR 

LSH POSITIVE ALTERNATE ONES SET The POSITIVE OR 

SET THE END AROUND CARRY INDICATOR 

OR LSH NEGATIVE ALTERNATE ONES CLEARED THE POSl.IVE OR THE 

END AROUND CARRY INDICATOR 



CHECK LOCATION TEST (6604) IF STOP INVOLVES TESTS 20-23. JT CONTAINS THE TEST NUMBER. 

P-50 09A SS-U 



STOP DESIGNATOR MNEMONIC TEST LOCATION 



description or stop 



i 

-a 



151 

152 

153 
154 
155 

162 
Xf-.l 

16? 
1*3 
164 
IS* 

171 
172 
173 
174 

175 

176 

177 



200 
201 
202 



15 
15 

16 

16 

16 



16 

1- 

1 6 
16 

1 f • 

16 

17 
17 
17 
17 

16 

1.6 

16 



20 
20 

20 



LSH 
LSH 

RSH 
RSH 
RSH 
RSH 
RSH 

RSH 

RSH 

SSH 
RSH 
RSH 
RCH 
P5M 
kSH 
RSH 
RSH 
RSH 

RSH 
RSH 
RSH 
RSH 

RSH 

RSH 

RSH 



ZJP 
ZJP 
ZJP 



17B 
178 

21 
23 

21 
23 
21 

23 

21 
23 

21 
23 

IB 
1* 

ie.A 

18A 
18A 
18A 

18B 
18B 
18B 
18B 

20 
22 
20 
22 

20 

22 



5652 
5652 

7164 
7214 
7164 
7214 
7164 

7214 

7164 
7214 
7164 
7214 

6044 
6044 
6074 
t074 
6074 
6074 

6122 
6122 
6122 
6122 

6546 
6576 
6546 
6576 
6546 

6576 



LSH 
LSH 

RSH 
RSH 
RSH 
RSH 

RSH 
SET 
RSH 
SET 

RSH 
RSH 
RSH 

rtSH 
RSH 

RSH 
RSH 
RSH 
RSH 

RSH 



POSITIVE 
NEGATIVE 

NEGATIVE 
NEGATIVE 
NEGATIVE 
NEGATIVE 
NEGATIVE 
THE EVEN 
NEGATIVE 
THE EVEN 
NEGATIVE 
NEGATIVE 
NEGATIVE 
NEGATIVE 
NEGATIVE 
PDSITJVE 
POSITIVE 
POSITIVE 
NEGATIVE 
NEGATIVE 



ZERO, 
ZERO. 



RESULT 
RESULT 



MAS 

HAS 



NOT 
NOT 



POSITIVE 
NEGATIVE 



ZERO 
ZERO 



RSH 
RSH 
RSH 
RSH 
RSH 
DID 
RSH 
DID 



NUMBER SET THE 
NUMBER SET THE 
NUMBER SET THE 
NUMBER SET THE 
NUMBER WITH BI 
INDICATOR 
NUMBER WITH B! 
INDICATOR 
NUMBER CLEARED 
NUMBER CLEARED 
NUH9ER SET ZER 
NUMBER SET ZER 
ALTERNATE ONES 
ALTERNATE ONES 
ZERO. RESULT W 
ONE* RESULT W* 
ZERO, RESULT H 
ONE. RESULT MA 



ENO AROUND CARRY INDICATOR 
END AROUND CARRY INDICATOR 
POSITIVE INDICATOR 
POSITIVE INDICATOR 
TS 1-0 SET TO ZERO 

TS 1-0 SET TO ZERO 

OVERFLOW INDICATOR 

OVERFLOW INDICATOR 
INDICATOR 
INDICATOR 

i SEE THE PROGRAM LISTING 
J SEE THE PROGRAM LIFTING 
AS NOT POSITIVE ZERO 
S NOT POSITIVE ZERO 
AS NOT NEGATIVE ZERO 
S NOT NEGATIVE ZERO 



RSH POSITIVE ZERO, RESULT WAS NOT POSITIVE ZERO 
RSH POSITIVE ONE, RESULT WAS NOT POSITIVE ZERO 
RSH NEGATIVE ZERO, RESULT WAS NOT NEGATIVE ZERO 
RSH NEGATIVE ONE, RESULT WAS NOT NEGATIVE ZERO 



POSITIVE 
POSITIVE 
POSITIVE 
POSITIVE 
POSITIVE 
NOT SET 



NUMBER 
NUMBER 
NUMBER 
NUMBER 
NUMBER 
THE EVEN 



SET THE END AROUND CARRY INDICATOR 

SET THE END AROUND CARRY INDICATOR 

DID NOT SET THE POSITIVE INDICATOR 

DID NOT SET THE POSITIVE INDICATOR 



WITH BITS 1-0 
INDICATOR 



SET To ZERO 



POSITIVE NUMBER WITH BITS 1-0 SET To ZERO 
NOT SET THE EVEN INDICATOR 



3 5006 
10 5162 
DSIGCK 6605 



WITH THE ZERO INDICATOR SET, ZJP DID NOT OCCUR 
HITH THE ZERO INDICATOR SET, ZJP DID NOT OCCUR 
EDR ZERO SET THE ZERO INDICATOR 



CHECK LOCATION TEST (6604) IF STOP INVOLVES T ESTS 20-23. IT CONTAINS THE TEST NUMBER. 

P-50 D3A SS-5 



305 



30* 



307 



oo 



DESCRIPTION OF STOP 

303 10 SUB 20 6542 SUB NEGATIVE NUMBER MJTh HESULT POSITIVEI 

010 NOT SET THE POSITIVE INDICATOR 

ADD TMO POSITIVE NUMBERS MJTH RESULT POSITIVE! 

DID NOT SET THE POSITIVE INDICATOR 

304 10 SUB 20 6542 SUB NEGATIVE NUMBER WJTH RESULT POSITIVE! 

DID NOT SET THE EVEN INDICATOR 

SUB POSITIVE NUMBER WITH RESULT NEGATIVE! 

DID NOT SET THE EVEN INDICATOR 

ADD TWO POSITIVE NUMBER WITH RESULT POSITIVE! 

DID NOT SET THE EVEN INDICATOR 

ADD TMO NEGATIVE NUMBER WITH RESULT NEGATIVE! 

DID NOT SET THE EVEN INDICATOR 

10 SUB 21 7160 SUB POSITIVE NUMBER WITH RESULT NEGATIVE! 

SET THE POSITIVE INDICATOR 

ADD TMO NEGATIVE NUMBER WITH RESULT NEGAT1VEI 

SET THE POSITIVE INDICATOR 

10 SUB 21 7160 SUB POSITIVE NUMBER MITH RESULT NEGATIVE! 

DID NOT SET END AROUND CARRY INDICATOR 

ADD TMO NEGATIVE NUMBER MITH RESULT NEGATIVE! 

DID NOT SET END AROUND CARRY INDICATOR 

10 SUB 20 6544 SUB NEGATIVE NUMBER FROM POSITIVE MITH RESULT NEGATIVE 

DID NOT SET THE OVERFLOW INDICATOR 

SUB POSITIVE NUMBER FROM NEGATIVE WITH RESULT POSITIVE! 

DID NOT SET OVERFLOW INDICATOR 

ADD TMO POSITIVE NUMBERS MITH RESULT NEGATIVE 

DID NOT SET OVERFLOM INDICATOR 

ADD TMO NEGATIVE NUMBERS MITH RESULT POSITIVE! 

DID NOT SET OVERFLOM INDICATOR 

310 10 SUB 20 6544 SUB NEGATIVE NUMBER FROM POSITIVE MITH RESULT NEGATIVE 

SET THE POSITIVE INDICATOR 

ADD TMO POSITIVE NUMBERS MITH RESULT NEGATIVE 

SET THE POSITIVE INDICATOR 

311 10 SUB 20 6544 SUB NEGATIVE NUMBER FROM POSITIVE MITH RESULT NEGATIVE 

SET THE ZERO INDICATOR 

SUB POSITIVE NUMBER FROM NEGATIVE MITH RESULT 3SITIVEI 

SET THE ZERO INDICATOR 

ADD TMO POSITIVE NUMBERS MITH RESULT NEGATIVE 

SET THE ZERO INDICATOR 

ADD TMO NEGATIVE NUMBERS MITH RESULT POSITIVE! 

SET THE ZERO INDICATOR 

CHECK LOCATION TEST <66U4) IT STOP INVOLVES TESTS 20-23. IT CONTAINS THE TEST NUMBER. 

P-50 D9A SS-7 



lEMONIC 


TEST 


LOCATION 


SUB 


20 


6542 


ADD 


22 


6572 


SUB 


20 


6542 


SUB 


21 


7160 


ADD 


22 


6572 


ADD 


23 


7210 


sub 


21 


7160 


ADD 


23 


7210 


SUB 


21 


7160 


ADD 


23 


7210 


SUB 


20 


6544 


SUB 


21 


7162 


ADD 


22 


6574 


ADD 


23 


7213 


SUB 


20 


6544 


ADD 


22 


6574 


SUB 


20 


6544 


SUB 


21 


7162 


ADD 


22 


6574 


ADD 


23 


7213 



STOP DltlGNATOR 



CO 



210 
211 

221 

231 

240 

250 
251 

260 
261 

270 
271 

300 



301 



302 



21 

21 

22 
23 
24 

25 
25 

26 
26 

27 
27 

10 



DESCRIPTION Or STOP 

EDR ZERO SET THE EVEN INDICATOR 

KITH THE EVEN INDICATOR SET, EJP DID NOT OCCUR 

SLJ. BUT JUHP DID NOT OCCUR 

CLJ. BUT JUHP DID NOT OCCUR 

JHP DID NOT OCCUR 

EDR ZERO SET THE END AROUND CARRY INDICATOR 

MITH THE END AROUND CARRY INDICATOR SETj CJP DID NOT OCCUR 

EOR ZERO SET THE OVERFLOW INDICATOR 

WITH THE OVERFLOW INDICATOR SET, OJP DID NOT OCCUR 

EDR ZERO SET THE POSITIVE INDICATOR 

WITH THE POSITIVE INDICATOR SET, PJP DID NOT OCCUR 

SUB NEGATIVE NUMBER *ITH RESULT POSITIVE! 

SET THE OVERFLOW INDICATOR 

SUB POSITIVE NUMBER WITH RESULT NEGATIVE! 

SET THE OVERFLOW INDICATOR 

ADD TWO POSITIVE NUMBER WITH RESULT POSITlVEl 

SET THE OVERFLOW INDICATOR 

ADD TWO NEGATIVE NUMBER WITH RESULT NEGATIVE) 

SET THE OVERFLOW INDICATOR 

SUB NEGATIVE NUMBER MITH RESULT POSITlVEl 

SET THE ZERO INDICATOR 

SUB POSITIVE NUMBER WITH RESULT NEGAT|VEI 

SET THE ZERO INDICATOR 

ADD TWO POSITIVE NUMBERS WITH RESULT POSITlVEl 

SET THE ZERO INDICATOR 

ADD TWO NEGATIVE NUMBERS WITH RESULT NEGATIVEI 

SET THE ZERO INDICATOR 

SUB NEGATIVE NUMBER «ITH RESULT POSITIVE) 

SET THE END AROUND CARRY INDICATOR 

ADD TWO POSITIVE NUMBERS WJTH RESULT POSITlVEl 

SET T HE END AROUND CARRY INDICATOR 

CHECK LOCATION TEST (6604) IF STOP INVOLVES TESTS 20-23. IT CONTAINS THE TEST NUMBER. 



10 



10 



MNEMONIC 


TEST 


LOCATION 


EJP 

EJP 


19 
19 


6153 
6153 


SLJ 


25 


6236 


CLJ 


25 


6240 


JMP 


2 


5003 


CJP 
CJP 


16 
16 


5606 
5606 


OJP 
OJP 


19A 
19A 


6170 
6170 


PJP 
PJP 


11 
11 


5230 
5239 


SUB 


20 


6542 


SUB 


21 


7160 


ADD 


22 


6572 


ADD 


23 


7210 


SUB 


20 


6542 


SUB 


21 


7160 


ADD 


22 


6572 


ADD 


23 


7210 


SUB 


20 


6542 


ADD 


22 


6572 



P-50 D9A SS-6 





STOP 01 


!S1 CNATOR 


HNEHONIC 


TEST 


LOCATION 




351 


12 


AMD 


20 


6546 








AND 


21 


7164 








AND 


22 


6576 








AND 


23 


7214 




352 
S53 


12 
12 


AND 
AND 
AND 
AND 
AND 


20 
21 
22 
23 
20 


6546 
7164 
6576 
7214 
6546 








AND 


22 


6576 




154 


12 


AND 


20 


6546 








AND 


22 


6576 




355 


12 


AND 


21 


7164 








AND 


23 


7214 


CO 


356 


12 


AND 


21 


7164 


O 






AND 


23 


7214 




357 ' 
360 


13 
13 


EOR 
EOR 


20 
20 


6552 
6552 




361 

3*2 
363 


13 

13 
13 


EOR 
EOR 
FOR 
EOR 


20 
21 
21 

21 


6552 
7170 
7170 
7170 



DESCRIPTION Of STOP 

AND POSITIVE NUMBER I DID NOT SET 

THE END AROUND CARRY INDICATOR 

AND NEGATIVE NUMBER I DID NOT SET 

THE END AROUND CARRY INDICATOR 

AND POSITIVE NUMBER I DID NOT SET 

THE END AROUND CARRY INDICATOR 

AND NEGATIVE NUMBER I DID NOT SET 

THE END AROUND CARRY INDICATOR 

AND POSITIVE NUMBER I SET THE ZERO INDICATOR 

AND NEGATIVE NUMBER! SET THE ZERO INDICATOR 

AND POSITIVE NUMBER! SET THE ZERO INDICATOR 

AND NEGATIVE NUMBER! SET THE ZERO INDICATOR 

AND POSITIVE NUMBER UITH BIT SET TO ZERO! 

DID NOT SET THE EVEN INDICATOR 

AND POSITIVE NUMBER WITH BIT SET 70 ZERO! 

DID NOT SET THE EVEN INDICATOR 

AND POSITIVE NUMBER «ITH BIT 13 SET TO ONE! 

DID NOT SET POSITIVE INDICATOR 

AND POSITIVE NUMBER WITH BIT 13 SET TO ONE! 

DID NOT SET THE POSITIVE INDICATOR 

AND NEGATIVE NUMBER WITH BIT 13 SET TO ONEl 

SET THE POSITIVE INDICATOR 

AND NEGATIVE NUMBER KITH BIT 13 SET TO ONE! 

SET THE POSITIVE INDICATOR 

AND NEGATIVE NUMBER WITH BIT SET TO IERQl 

SET THE EVEN INDICATOR 

AND NEGATIVE NUMBER WITH BIT SET TO ZERO) 

SET THE EVEN INDICATOR 

EOR POSITIVE NUMBER! CLEAR THE OVERFLOW INDICATOR 

EOR POSITIVE NUMBER WITH ALL ONES 

SET THE POSITIVE INDICATOR 

EOR POSITIVE NUMBER WITH ALL ONESl SET THE ZERO INDICATOR 

EOR NEGATIVE NUMBER WITH ALL ONESl SET THE ZFRO INDICATOR 

EOR NEGATIVE NUMBER! SET THE OVERFLOW |NO!C- 3R 

EOR NEGATIVE NUMBER WITH ALL ONES 

DID NOT SET THE POSITIVE INDICATOR 



CHECK LOCATION TEST (6604; IP STOP INVOLVES TESTS 20-23. IT CONTAINS THE TEST NUMBER. 

P-50 MA SS-9 



STOP DESIGNATOR MNEMONIC TEST 



CO 



312 



313 



314 



320 
321 

322 

323 

324 

330 
334 
339 
336 
337 

350 



10 



10 



32 

32 

32 
32 
32 

32 
32 
32 
32 

32 

12 



SUB 
AUO 
SOB 
ADD 
SUB 
ADD 



ENL 
ENL 
ENL 
ENL 
EN. 
ENL 
ENL 
ENL 
ENL 

ENL 

ENL 
ENL 
EN. 
ENL 
ENL 
ENL 
ENL 
ENL 

AND 
AND 
AND 
AND 



20 
22 
21 
23 
21 
23 



5 

20 
22 
20 
22 
20 
22 
20 
22 



21 
23 
21 
23 
21 
23 
21 
23 

20 
21 
22 
23 



LOCATION 
6544 
6574 
T162 
'213 
7162 
7213 



5017 
6540 
657C 
6540 
6570 
6540 
6570 
6540 
6570 



DESCRIPTION OF STOP 



SUB NEGATIVE NUMBER FROM 
SET THE END AROUND CARRY 
ADD TWO POSITIVE NUMBERS 
SET THE END AROUND CARRY 
SUB POSITIVE NUMBER FROM 
DID NOT SET THE POSITIVE 
ADD TWO NEGATIVE NUMBERS 
DID NOT SET THE POSITIVE 



POSITIVE WITH RESULT NEGATIVE 

INDICATOR 

MITH H6SULT NEGATIVE 

INDICATOR 

NEGATIVE MITH RESULT POSITIVEI 

INDICATOR 

MITH RESULT POSITIVEI 

INDICATOR 

NEGATIVE MITH RiSULT POSITIVEI 



SUB POSITIVE NUMBER FROM 

DID NOT SET END AROUND CARRY INDICATOR 

ADD TWO NEGATIVE NUMBERS MITH RESULT POSITIVEI 

DID NOT SET END AROUND CARRY INDICATOR 



ENL MITH 
ENL POSI 
ENL POSI 
ENL POSI 
ENL POSI 
ENL POSI 
ENL POSI 
ENL POSI 
ENL POSI 



ZERO. THE ZERO 
TIVE NUMBER SET 
TIVE NUMBER SET 
TIVE NUMBER SET 
TIVE NUMBER SET 
TIVE NUMBER SET 
TIVE NUMBER SET 
TIVE NUMBER DID 
TIVE NUMBER DID 



INDICATOR NOT SET 

THE OVERFLOM INDICATOR 

THE OVERFLOM INDICATOR 

THE ZERO INDICATOR 

THE ZERO INDICATOR 

THE END AROUND CARRY INDICATOR 

THE END AROUNO CARRY INDICATOR 

NOT SET THE POSITIVE INDICATOR 

NOT SET THE POSITIVE INDICATOR 



5022 ENL MITH ZERO] THE ZERO INDICATOR NOT SET 

7157 ENL NEGATIVE NUMBER SET THE OVERFLOM INDICATOR 

7206 ENL NEGATIVE NUMBER SET THE OVERFLOW INDICATOR 

7157 ENL NEGATIVE NUMBER SET END AROUND CARRY INDICATOR 

7206 ENL NEGATIVE NUMBER SET END AROUND CARRY INDICATOR 

'157 ENL NEGATIVE NUMBER SET THE ZERO INDICATOR 

7206 ENL NEGATIVE NUMBER SET THE ZERO INDICATOR 

';57 ENL NEGATIVE NUMBER SET THE POSITIVE INDICATOR 

7206 ENL NEGATIVE NUMBER SET THE POSITIVE INDICATOR 

6546 AND POSITIVE NUMBER J CLEAR THE OVERFLOM INDICATOR 

7164 AND NEGATIVE NUMBERI CLEAR THE OVERFLOM INDICATOR 

6576 AND POSITIVE NUMBER! CLEAR THE OVERFLOM INDICATOR 

7214 AND NEGATIVE NUMBER J CLEAR THE OVERFLOM INDICATOR 



CHECK LOCATION TEST (6604) if STOP INVOLVES TESTS 20-23, IT CONTAINS THE TEST NUMBER, 

P-50 D9A SS-8 



STOP PSSI6NAT0R MNEMONIC TEST LOCATION 



DESCRIPTION OF STOP 



370 


37 


STL 


7 


5035 


STL A NUMBER 1 


371 


37 


STL 


9 


5145 


STL A NUMBER 1 


372 


37 


STL 


21 


7172 


STL POSITIVE 


373 


37 


STL 


20 


6554 


STL NEGATIVE 


374 


37 


STL 


20 


6554 


STL NEGATIVE 






STL 


21 


7172 


STL POSITIVE 


375 


37 


STL 


20 


6554 


STL NEGATIVE 






STL 


21 


7172 


STL POSITIVE 


376 


37 


STL 


20 


6554 


STL NEGATIVE 


377 


37 


STL 


21 


7172 


STL POSITIVE 



SUBTRACT IT! THE ZERO INDICATOR NOT SET 
SUBTRACT I Tl THE ZERO INDICATOR NOT SET 

NUNBER. SET THE OVERFLOW INDICATOR 

NUNBERf CLEAR THE OVERFLOW INDICATOR 

NUMBER. SET THE ZERO INDICATOR 

NUMBER. SET THE ZERO INDICATOR 

NUMBER! SET END THE AROUND CARRY INDICATOR 

NUMBER I SET END THE AROUND CARRY INDICATOR 

NUMBER! SET POSITIVE INDICATOR 

NUMBER! DID NOT SET THE POSITIVE INDICATOR 



OHCCK LOCATION TEST (6604} IF STOP INVOLVES TESTS 20-23. IT CONTAINS THE TEST NUMBER. 



CO 

i 



to 



P-SO BtA SS-10 



DA r E 3/22/69. IHE ii/27/0« 
PROJECT NO, SiOObj PROGRAMS J 

1 
2 

S 

4 
5 
6 
7 




» H 



PAGE 1 



CO 



1 

,2 

3 

4 

5 

6 

7 

20 

21 

22 

23 

24 

29 

26 



OSK 



ERR 



HNE 



PHILUPPJ 



APE NOHUEK J45H6 

COMMAND EXECUTE TEST 

PROGRAM LIBRARY 
PR06RAM NO, P-50 09A 



DECREMENT COUNTER HACRO 
MAC INDEX. TfeST, LOOP 
OCR INDEX 
*JP TEST 
JMP LOOP 
*fcR 

ERROR STOP NACRO 

ERR ABC MHERE ABC IS SONE NUMBER REFERS TO STOP ABC 

S-REGISTER CONTAINS ABC 

DESIGNATOR CONTAINS AB (IN MOST CASES) 
MAC A1.A2.JUMP 
EUR Ai 
iTp A2 
JMP JUMP 
TfaK 
VFD 5.1.B 



DATF 3/22/65, TINE 11/2V/52 A,M. 

PROJECT NO, 53005J PROGRAMMER J.E PHIL..IPPI TAPE NUMBER 345114 



PACE 2 



i 



27 
30 
31 
32 
33 
34 
35 
36 
37 
40 
41 
42 
43 
44 
45 
46 
47 
50 
$1 
52 
53 
54 
55 
56 
57 
60 
41 
42 
63 
64 
65 
66 
67 
70 
71 
72 
73 
74 
75 
76 



fcJfc 



If A STOP IS DESIRED AFTER 0*6 CYCLE. DO THE FOLLOWING 

SINCE THERE IS A TRANSFER CODE AT THE END OF THE Tape. 
THE TEST MILL BEGIN IMMEDIATELY AFTER IT IS READ IN 
HOWEVER. AFTER ONE INSTRUCTION HAS BEEN EXECUTED. 7 HE 
MACHINE WILL STOP KITH THE S-REGISTER (BITS 7=0) SET 
TO 1 THIS IS THE FIRST CHECK S?QP OF THE TEST 



1 
2 

3 
4 
5 
6 
7 
8 

9 
10 
11 
12 
13 

14 

15 



WHEN STOP 1 OCCURS* DEPRESS THE STOP BUTTON. 
PUT THE MACHINE IN MRITE MODE, 
DEPRESS THE MASTER CLEAR BUTTON, 
USIN6 THE PROBE. LOAD THE S-REGISTER MITH 6244 . 
USIN6 THE PROBE. LOAD THE X-REQISTER MITH 6, 
DEPRESS THE START BUTTON. 
DEPRESS THE MASTER CLEAR BUTTON, 
USIN6 THE PROBE. LOAD THE X-REGISTER MITH THE 
STARTING LOCATION OF THE TEST. 5000, 
DEPRESS THE START BUTTON. 
PUT THE MACHINE IN RUN MODE. 
DEPRESS THE MASTER CLEAR BUTTON, 
DEPRESS THE START BUTTON. 

THE TEST SHOULD RUN THROUGH ONE CYCLE. STOPPING 
AT THE FOUR CMECK STOPS AND CONTINUING. 
WHEN ONE CYCLE IS COMPLETE. THE MACHINE HILL * T OP 
MITH THE S-REGISTER (BITS 7-0) SET TO 6. 
ONE CYCLE RUNS FOR 14 SECONDS, 



TO RESTORE TME CONTINUOUS CYCLING OF THE TEST. DO 
THE F0L0MIN6I 

1. DEPRESS THE STOP BUTTON. 

2. PUT THE NACHIN6 IN NRITE MODE- 

3. DEPRESS THE MASTER CLEAR BUTTON. 

4. USING THE PROBE. LOAD THE S-REGISTEK WITH 6244. 

5. USIN6 THE PROBE. LOAD THE ".REGISTER WITH 24745. 

6. DEPRESS THE START BUTTON. 

7. DEPRESS THE MASTER CLEAR BUTTON. 

6. USING THE PROBE. LOAD TME X,r EG |»tER MITH THE 
STARRING LOCATION OF THE TEST, 5000. 



DATE 3/22/65. "IME li/*9/*6 a n PAGE 3 

PSO.ECT NO, 5i005i 3HOGRAM«E« -.E PHILLJPPJ *APE NUMBER 145116 

77 9, DEPRESS 'HE START BUTTON. 

100 10 PU r THE MACHINE IN RUN NODE. 

1C1 ll.DEPRESS THE MASTER CLEAR BUTTON; 

132 12: DEPRESS 'HE START BUTTON. 

103 13. THE "ES T MILL RUN CONMNUOUSIY AFTER SHOPPING AT 

104 THE CHECK S^OPS, 



I 



en 



CO 

I 



DATE 3/22/65. TIHE U/2V/57 A.M. p A6E 4 

PROJECT NO. 530053 PROGRAMME* J.fe. PHILL1PPJ TAPE NUMBER 345116 

105 EJE 

106 INITIALLY THE PROGRAM STOPS AT 4 CHECK STOPS 
107 

11D 

111 05001 80RG 5001 

11* TEST 01 6DR 

113 

114 ENTER DESIGNATOR WITH A NUMBER N, N.5. AND STOP 

115 S-REGISTER IS 1 

11* IF DESIGNATOR IS N, ASSUME EDH WORKS 

117 IF DESIGNATOR IS NOT N 

UO 1. CHECK LOCATION 5377 SHOULD BE 5 

1^1 2. IF LOCATION IS 5, EDR DOES NOT WORK 

122 3. IF LOCATION IS NOT 5, MAKE IT 5 AND RESTART 

143 06001 05 377 JTEST018EDR 5) 

124 05002 04001 MNE 4..1 

135 

116 

127 TEST 02 JH» 

130 

131 JUMP AND STOP 

132 DESIGNATOR IS 24 

133 IF S-REGISTER IS 2, ASSUME JMP WORKS 

134 IF S-REGISTER IS 240, JUMP DID NOT OCCUR 

135 COMPARE LOCATION 5003 WITH LISTING 

136 05003 24 010 T£ST02 J"P L«6 

137 05004 05 376 8EDR 24) 
140 05005 00 240 BSTP 240 



DATE 3/22/69. TIME 11/30/00 A.H C 

PROJECT MO. 930053 PROGRAMMER J.E. PHILLIP?! TAPE NUMBER 349116 



PACE 9 



141 



EJE 





142 
















143 
















144 
















149 
















146 
















147 
















190 
















191 


09006 


05 


375 


VTE5T030EOR 


10) 




112 


119007 


20 


013 




ZJP 


1*5 




193 


09010 


24 


267 




JHP 


ERR200 




194 


09011 


09 


376 




OEOR 


24) 




199 


09012 




04002 




MME 


4. ,2 




196 


09013 


24 


005 




JMP 


T6ST03 




197 


09014 


09 


374 


•1 


OEOR 


20) 


CO 


lto 

161 


09019 




0400J 




MNE 


4. .3 


-3 


162 
241 

1*4 
MS 

166 

24)7 
176 
271 
















172 


09016 


36 


259 


TES 


T04 RJP 


STOPCK 



TEST 03 ZJP 

ENTER 0ESI6NAT0R WITH ZERO INDICATOR AMD ZERO JUMP 

0ESIONAT0R IS 20 

IF S-RE6ISTER IS 3. ASSUME ZJP U0RK8 

IF S-REGISTER IS 200. JUMP 010 NOT OCCUR 

CHECK LOCATION 5079 SHOULD RE 10-EERO INDICATOR 



TEST 04 RJP 

RETURN JUMP AND STOP 

DESISMaTOR IS 36 

IF S-R66ISTER IS 4. ASSUME RJP NORMS 

IF STOP DOES NOT OCCUR* JUMP DID NOT OCCUR 

CHECK LOCATION 9016 COMPARE M(TH LISTINS 



DATE 3/22/65. TINE 11/30/03 A.M. 

PROJECT NO. 930093 PROGRAMMER J ; E. PHILLIPPI TAPE NUMBER 34911* 



TEST 09 ENL 



PACE * 



00 

I 



c» 



173 










EJE 




174 














179 














17* 












! 


177 














too 














201 














102 














283 














204 














205 


05017 


32 





373 


JTEST09 ENL 


0) 


20* 


09020 


20 





021 


ZJP 


L*2 


207 


09021 


24 





272 


JMP 


ERR320 


210 














Hi 


09022 




33373 


•NNE 


33. .373 


212 


09023 


20 





024 


ZJP 


TESTO* 


213 


09024 


24 





329 


JMP 


ERR330 


214 














219 














216 














217 














220 














221 














222 














223 














224 














225 














22* 


09029 


32 





372 


JTEST06SENL 


21476) 


227 


09026 


11 


1 


371 


V SUB 


ACC 


230 


09027 


20 





030 


ZJP 


1*2 


231 


09030 


24 





279 


JMP 


ERR110 


222 


09031 


32 





370 


J 6ENL 


16301) 


233 


05032 


11 


1 


371 


SUB 


ACC 


214 


09033 


20 





034 


ZJP 


TEST07 


215 


09034 


24 





279 


JMP 


ERR110 



ENTER ACCUMULATOR MITH ZERO AND ZERO JUNP 
IF STOP OCCURS 

lc S-REGISTER IS 320 

2, DESIGNATOR IS 32 

3. CHECK ACCUMULATOR 101 SHOULD BE ZERO 
4 C CHECK LOCATION 9373 SHOULD BE ZERO 

IF LOCATION IS ZERO. ENL DOES NOT MORK 



ENL (33) 



TEST 06 SUP 

ENTER ACCUMULATOR MITH SOME NUMBER N. 
IF STOP OCCURS 

1. S-REGISTER IS 110 

2. DESIGNATOR IS 11 

3. CHECK ACCUMULATOR 101 SHOULD 
IF ACCUMULATOR NOT ZERO. SUB 



SUBTRACT N. ZJP 



BE ZERO 
DOES NOT 



HONK 



•ATE 1/ 22/4*0. TINE 11/30/0? A.N, 

PROJECT M. f 10053 PROGRAMMER J.E. PHILLIP* I TAPE NUMBER 345116 



PAGE 



no 

»7 
MO 
Ml 
Ml 
Ml 
M4 



EJE 



MB 
147 



i 



ass 



05035 
••036 
•B017 
BBB40 
•f«41 



307 VTEET076ENL 37776) 

•63 STL TENP 

BBS SUB TENP 

041 UP TEST7A 

300 JNP SRR37Q 



TEST 07 STL 

ENTER ACCUNULATOR *ITM SOME NUMBER H> STORE N IN Y 
SUBTRACT Y. ZERO JUMP 
IF STOP OCCURS 

1. S-RE6ISTER IS 370 

2. DESIGNATOR IS J? 

3. CHECK ACCUMULATOR SHOULD BE ZERO 

4. CHECK LOCATIONS 5367 9263 SHOULD BE EQUAL 
\T NOT EQUAL STL DOES NOT MORK 



to 



DA'fc 3/22/69. *!HE U/30/89 A.H 

'HO.'?"* NO, 939053 PR06RAXHER J.E. PHILLIP?! ''APE NUHBfcK 345116 



PA6E 8 



w 
i 

to 
o 



IS* 
857 
ZM 
2*1 
2*2 
2*3 
2*4 
2*9 
26* 
2*7 
27t 
271 
272 
272 
274 
279 
27* 
277 
3M 
291 
222 
293 
294 
999 
289 
287 
318 
211 
212 
313 
314 
319 
314 
317 
328 
321 
222 
322 
224 
229 



EJE 



TEST 7A STL 



SIMILAR 
S'ORE N 



89842 
89843 
89944 
99949 
8994* 
89847 
89890 
89991 
99992 
99993 
89994 
89999 
8999* 
99997 
998*8 
899*1 
898*2 
*9t*3 
898*4 
898*9 
999** 
898*7 



32 8 372 
2? 1 366 
32 8 374 
37 1 3*9 
32 1 3*6 
11 B 372 
20 892 
85 3*4 

84085 
32 37* 
37 1 3*3 
32 8 274 
37 1 3*5 
32 1 3*3 
11 8 270 
20 0*3 
85 8 3*2 

84005 
32 372 
27 1 3*7 
32 374 
37 1 3*5 



TEST7A8ENL 

4 0STL 

OENL 

4 0STL 

OENL 

OSUB 

UP 

4 EON 

HUE 

OENL 

4 OSTL 

0EN'_ 

OS*!. 

•EN 

OSUB 

ZJP 

4 EDA 

hue 

OENL 
09 'L 
OENL 
BSTL 



2147*) 

17774) 

20) 

7776). 

17776) 

2147*) 

L*3 

1) 

4. .5 

1*301) 

2777*) 

20) 

7776). 

27776) 

1*301) 

L«3 

2) 

4. ,5 

21476) 

3777ft) 

28) 

7776). 



•Q TEST 07 

IN THREE OTHER BAYS OF CONE 
IF STOP OCCURS S REGISTER IS 5 
Xc 0ESI6NATOR IS 1 

BAY 1 DOES NOT EXIST OR 

N STORED INCORRECTLY IN Y Y IS 17776 

Y AND LOCATION 5372 SHOULD BE EQUAL 
2. DESISNA'OR IS 2 

BAY 2 DOES NO" EXIST OR 

N STORED INCORRECTLY iN T Y IS 27776 

Y AND LOCATION 5370 SHOULD BE EQUAL 
■i, DESIGNATOR IS 3 

BAY 3 DOES NOT EXIST OR 

N STORED INCORRECTLY IN V Y IS 37776 

Y AND LOCATION 5372 SHOULD BE EQUAL 



I 
• I 



I 
.1 



I 



CO 

I 
to 



DATE 3/22/65. TIME 11/30/13 A,M PAGE 9 

PROJECT NO. 930053 PROGRAMME* J.E ; PHIU.IPPI TAPE NUMBER 345116 



326 


05070 


32 


1 367 


8ENL 


37776>< 1 


327 


05071 


11 


372 


8SUB 


21476) 


330 


05072 


20 


074 


Uf> 


TEST08 


331 


05073 


05 


361 J 


EUR 


3) 


33? 


05074 




04005 


MNE 


4. ,5 



DATE 3/22/69. TINE 11/30/14 A.M. 

f^OJECT NO. 930053 PROGRAMMER J.8, PMILLIPPI TAPE NUMbfcK 345116 



PAGE 10 



333 



EJE 





334 














TEST 


8 SUB 










335 


























336 
















ACC 


Y 


RESULT 


ERROR 




337 


























340 


05075 


32 





373 


TES 


roo ENL 


0) 


♦0 


♦0 


-0 


111 




341 


05076 


11 





373 




SUB 


0) 












342 


05077 


20 





100 




*JP 


L*2 












343 


05100 


24 





330 




JMP 


ERR111 












344 


05101 


27 





077 




PjP 


L-l 












345 


05102 


32 





373 




ENl 


0) 


♦ 


-0 


♦ 


112 




346 


05103 


11 





360 


J 


SUB 


-0) 












347 


05104 


20 





105 




UP 


1*2 












350 


05105 


24 





377 




JMP 


ERR112 












351 


05106 


27 





107 




PjP 


L*2 












352 


05107 


24 





104 




JMP 


L-2 












353 


05110 


32 





360 




ENL 


-0> 


-0 


•0 


-0 


113 




354 


05111 


11 





373 




SUB 


0) 












355 


05112 


20 





113 




ZJP 


1*2 












356 


05113 


24 


1 


357 


•1 


JMP 


ERR113 












357 


05114 


27 





112 




MJP 


L-l 












360 


05115 


32 





360 




ENL 


-0) 


-0 


-0 


-0 


114 




361 


05116 


11 





360 




SUB 


-0) 










M 


362 


05117 


20 





120 




UP 


L*2 










to 


363 


05120 


24 


1 


3*6 


J 


JMP 


ERR114 










to 


364 


05121 


27 





117 




PJP 


L-l 












365 


05122 


32 





355 


J 


BENi 


1252*) 


♦ N 


*N 


-0 


115 




366 


05123 


11 





355 




8SUB 


12525) 












367 


05124 


20 





125 




*JR 


L*2 












370 


05125 


24 


1 


354 


J 


JMP 


ERR115 












371 


05126 


27 





124 




PJP 


L-l 












372 


05127 


32 





353 


J 


8ENL 


2525i»> 


• N 


-N 


-0 


116 




373 


05130 


11 





353 




BSU8 


25252) 












374 


05131 


20 





132 




UP 


L*2 












375 


05132 


24 


1 


352 


J 


JMP 


ERR116 












376 


05133 


27 





131 




PJP 


L-l 











DATE 3/22/65. TIME 11/30/1B A,M, 

PROJECT NO. 930053 PROGRAMMER J ; E. PMILUPPJ TAPE NUNBEK 345U6 



TEST BA OCR 



PAGE 11 



GO 
I 
INS 



377 










EJE 




400 














401 














402 














403 














404 














405 














406 














407 














410 














411 














412 














413 














414 


09134 


32 





367 


TEST8A8ENL 


37776) 


415 


05135 


37 





263 


STu 


TEMP 


416 


09136 


20 





141 


ZJP 


1*4 


417 


05137 


01 





263 


OCR 


TEMP 


420 


05140 


11 





364 


SUB 


1) 


421 


09141 


24 





135 


JNP 


L-3 


422 


05142 


32 





263 


EHL 


TEMP 


423 


05143 


20 





144 


2JP 


TEST09 


424 


05144 


24 





303 


JNP 


ERR010 



CHECK DECREMENT NITH SUBTRACT 

ENTER ACCUMULATOR WITH N, STOKE N IN Y 

SUBTRACT 1 AND DECREMENT Y CONTINUOUSLY 

JUMP WHEN ACCUMULATOR ZERO 

IF STOP OCCURS 

1. S-REGISTER IS 10 

DESIGNATOR IS 1 

CHECK ACCUMULATOR 101 SHOULD BE ZERO 



2« 
3. 

4, 



CHECK LOCATION 5263 SHOULO BE ZERO 
IF NOT ZERO OCR DOES NOT MqRk 



)*Ti 
»ROJEC 



2/»5. TIME ll/JO/21 A.N. 

0. 530053 PROGRAMMER J.E. PHIU.;PP| APE NUMBER 34511* 

EJE 

TEST 09 STL 



PAGE 12 



09145 32 351 


JTEST090EMI 10000) 


0914* ]7 2** 


STL INDEX 


•9»47 32 350 


4 «EML 20000) 


•9150 37 2*3 


STL TEHP 


•9191 32 2*3 


JMP09A ENL TEW 


•9152 37 2*4 


STL TEHFA 


•9153 11 2*4 


SUB TEHPA 


•9194 20 155 


UP l»t 


•9199 24 39* 


JHP ERN371 


0919* 01 2*3 


OCR TEMP 


09197 01 2*6 


OCR INDEX 


09140 20 1*1 


2JP TESTlO 


051*1 24 150 


JMP JMP09A 



SAME AS TEST 07 ONLY MORE EXHAUSTIVE 
TESTS 10000 NUMBERS 
IF STOP OCCURS 

1. S-HEGISTER IS 471 

2. DESIGNATOR IS 37 

3. CHECK ACCUMULATOR 101 SHOULD BE ZERO 

4. CHECK LOCATIONS 5263 5264 SHOULD BE EQUAL 
IF NOT EQUAL STL DOES NOT HQRK 



I 
to 



DATE 3/22/65. TINE 11/30/23 A.M C 

°ROJECT NO. 530053 PROGRAMMER J,E. PHILLIPPJ TAPE NUMBER 345116 



TEST 10 SDR 



PAGE 13 



w 
i 

to 
en 



455 








6J6 




456 












4)57 












4«0 












461 












462 












443 












464 












4*5 












4)66 












467 












470 












471 












472 












473 












«74 












475 












476 


05162 


36 


201 


TEST10 RJP 


Al 


477 


05163 


06 


362 


SDR 


SAVE 


900 


05164 


32 


262 


ENL 


SAVE 


901 


05165 


11 


263 


SUB 


TEMP 


90S 


05166 


20 


167 


ZJP 


L*2 


303 


05167 


24 


311 


JMP 


ERRQ60 


904 


05170 


36 


214 


HJP 


A2 


909 


05171 


36 


201 


RJP 


Al 


904 












907 


05172 




07262 


8HNE 


7. .262 


910 


05173 


32 


262 


ENL 


SAVE 


911 


05174 


11 


263 


SUB 


TEMP 


912 


05175 


20 


176 


ZJP 


1*2 


913 


05176 


24 


1 347 


4 JMP 


ERR070 


914 


05177 


16 


214 


RJP 


A2 


913 


05200 


24 


227 


JMP 


TEST11 



ENTER DESIONATOR KITH N-37-30. 17-10 (ZERO INDICATOR) 

ZERO JUMP TO STORE DESIGNATOR IN Y 

ENTER ACCUMULATOR MrTH Y, SUBTRACT N, ZERO JUMP 

IF STOP OCCURS 

1. S-R6GISTER IS 201 
DESIGNATOR IS 20 

CHECK INITIALIZER 5346 SHOULD BE 37 
CHECK COUNTERS 5362 IS 2 5375 IS 10 
N LOCATION 5263 HAS RANGE 37-90. 17-10 
THIS IS ZERO INDICATOR (BIT 3) 

2. S-REGISTER IS 60 
DESIGNATOR IS 6 

CHECK LOCATIONS 5262 5863 SHOULD BE EQUAL 
IF NOT EQUAL SDR DOES NOT WORK 



SDR (7) 



BATE J/22/65. TINE 11/30/27 A.M. 

WHUECT HO, 530053 PROORAMNgR "J t fe . PMILUPPI TAPE NUMBER 345116 



PAfcE 1« 



916 



EJE 





517 


05201 




00000 


Al 


C t f 






520 


05202 


32 





346 


J 


BENl 


37) 




5tl 


05203 


37 





263 




STL 


TEMP 




522 


05204 


32 





362 




BENL 


2) 




521 


05205 


37 





261 




STL 


INDEXB 




524 


05206 


32 





375 


JMP10A8ERL 


10) 




525 


05807 


37 





267 




STL 


INDEX* 




526 


05210 


05 





263 


jHPioe 


1 EDS 


TEMP 




5*7 


05211 


20 





212 




ZJP 


L*2 




53fl 


05212 


24 





314 




JMP 


ERR201 




521 


05213 


24 


1 


201 




NTN 






5*2 


05214 




00000 


A2 


t < t 






in 


05215 


01 





263 




DCR 


TEMP 




9*4 












DSK 


INOEXA.JHPIOC.JMPIOB 




534 


05216 


01 





267 




OCR 


INDSXA 




534 


05217 


20 





220 




ZJP 


JMPIOC 




534 


05220 


24 





207 




JMP 


JNP10B 




539 


05221 


32 





263 


JHP10C 


: ENL 


TEMP 




534 


05222 


11 





375 




osub 


10) 




537 


05223 


37 





263 




STL 


TEMP 




540 












DSK 


INDEXB, RTN. JMPIQA 




54t 


05224 


01 





261 




DCR 


INDEXB 


1 


543 


05225 


20 





226 




ZJP 


RTN 


to 


543 


05226 


24 





205 




JMP 


JNPlOA 


o 


541 


05227 


24 


1 


214 


RTN 


RTN 





BATE J/22/65. TIME 11/30/30 A.H, 

«OJ6C7 NO. 930053 PROGRAMMER J.fe. PHILLIPPI TAPE NUMBER 345116 



TEST 11 PJP 



PAGE 15 





948 










feJfc 






943 
















944 
















943 
















944 
















947 
















954 
















991 
















991 
















993 
















994 
















959 
















994 
















997 
















9M 














CO 


941 


05230 


05 





373 


TESTll EDR 


0) 


to 


947. 


09231 


27 





322 


PJP 


ERR270 


•■3 


941 


09232 


32 





345 


J 8ENL 


77) 




944 


09233 


37 





263 


STL 


TEMP 




949 


09234 


32 





344 


J enl 


7) 




944 


09?39 


37 





261 


ST L 


INDEXB 




947 


09236 


32 





343 


VJMP11A ENL 


4) 




979 


05237 


37 





267 


STL 


INDEXA 




971 


09240 


05 





263 


JMPUB EDR 


TEMP 




97S 


09241 


27 





242 


PJP 


1*2 




973 


09242 


24 





317 


JMP 


ERR271 




974 


09243 


01 





263 


OCR 


TEMP 




979 










DSK 


INDEXA, 




979 


09244 


01 





267 


OCR 


INDEXA 




975 


09249 


20 





246 


2JP 


JMPllC 




979 


05246 


24 





237 


JHP 


JMP118 




974 


09247 


32 





263 


JMP11C ENL 


TEMP 




977 


09290 


11 





343 


SUB 


4) 




410 


09291 


37 





263 


STL 


TEMP 




401 










DSK 


INDEXB, 




401 


09292 


01 





261 


OCR 


INDEXB 




•01 


05293 


20 


1 


342 


v ZJP 


T6ST12 




401 


09294 


24 





235 


JMP 


JHP11A 



ENTER OESIONATOR MITM POSITIVE INDICATORS AND PJP 
IF STOP OCCURS DESIGNATOR is 27 

1. S-REGISTER IS 270 

INITIAL CHECK - ENTER DESIGNATOR WITH ZERO 

AND POSITIVE JUMP TO STOP 

CHECK LOCATION 5373 SHOULD BE ZERO 

IF ZERO, PJP OCCURS WITHOUT PROPER INDICATOR 

2. S-REGISTER IS 271 

CHECK INITIALIZER 5345 SHOULD BE 77 
CHECK COUNTERS 5344 IS 7 5343 JS 4 
POSITIVE INDICATOR (BIT 2) 5g63 
If BIT 2 ON PJP DOES NOT WORK 



JMPllC, JMPUB 



TEST12.JMPUA 



DATE 3/22/65. TIME li/30/34 *.M, 

PROJECT NO, 530053 PROGRAMMER j.E. PMUUPPI TAPE NUMbER 345U6 



PAGE 16 



i 

CO 
00 



602 










EJt; 




601 


05255 




00000 


STOPCK . i, 




604 


05256 


05 





341 


J 8EUH 


36) 


60S 


05257 




04004 


MNE 


4. .4 


606 


05260 


24 


1 


255 


HTN 




607 














610 


05261 




00000 


INOEXB OCT 





611 


05262 




00000 


SAVE OCT 





612 


05263 




00000 


TEMP OCT 





613 


05264 




00000 


TEMPA OCT 





614 


05265 




c* 


^ui 


TEMPB OCT 





613 


05266 




00000 


INOEX OCT 





616 


05267 




00000 


INDEXA OCT 





•17 










ERR2008ERR 


20I.200.TEST04 


•17 


05270 


05 





374 


EOR 


20) 


•17 


05271 


00 


f> 


200 


STP 


200 


•17 


05272 


24 


»* 


015 


JMP 


TEST04 


•20 










ERR3208ERR 


32).320.TEST06 


610 


05273 


05 





340 


J EOR 


32) 


•38 


05274 


00 





320 


STP 


320 


•ao 


05275 


24 





024 


JMP 


TEST06 


621 










ERR1108EHR 


1D.110.T6ST07 


•21 


05276 


05 





337 


J EDR 


11) 


•21 


05277 


00 





110 


STP 


110 


•21 


05300 


24 





034 


JMP 


TEST07 


•22 










ERR3708ERP 


37),J70tTEST7A 


•22 


05301 


05 





346 


EOR 


37) 


•21 


05302 


00 





370 


STP 


370 


•22 


05303 


24 





041 


JMP 


TEST7A 


•IS 










ERR0108ERR 


D.10.TEST09 


•22 


05304 


05 





364 


EOR 


1) 


•22 


05305 


00 





010 


STP 


10 


•22 


05306 


24 





144 


JMP 


TEST09 


•24 










ERR3718ERR 


37).371.TEST10 


•24 


05307 


05 





346 


EDR 


37) 


•24 


05310 


00 


c 


371 


STP 


371 


•24 


05311 


24 





161 


JMP 


TESTlO 


•23 










ERR0608EHR 


6>.60.TESTH 


•25 


05312 


05 





336 


J EOR 


6> 


•25 


05313 


00 





060 


STP 


60 



DATE 3/22/65. T|ME 11/30/38 A.M. 

PROJECT NO. 530053 PROGRAMMER J t E, PHILLJPPJ TAPE NUMfc*8 345U6 



PAGE 17 





625 


05314 


24 


227 


JMP 


TESTH 






626 








ERR2018EHR 


20), 201. 


.TESTi). 




626 


05315 


05 


fi 374 


EDR 


20) 






626 


05316 


00 


201 


STP 


201 






626 


85317 


24 


227 


JMP 


TiSTH 






627 








?RR27i8ERR 


27). 271, 


.TBSTli 




627 


05320 


05 


335 


J EDR 


27) 






627 


05321 


00 


271 


STP 


271 






627 


05322 


24 


1 342 


JMP 


T(iSTl2 






630 








&RR2708ERR 


27) .270. 


.TESTIS 




630 


05323 


05 


335 


E0R 


27) 






630 


05324 


00 


270 


S>TP 


270 






630 


05325 


24 


1 342 


JMP 


TESTIS 






631 








ERR3308ERR 


33). 330. 


.TEST06 


w 


631 


05326 


05 


334 


J EDR 


33) 




to 


631 


05327 


00 


330 


STP 


iiO 




to 


631 


05330 


24 


024 


JMP 


TESTQ6 






632 








ERRU18ERR 


11). Ill, 


,TEST09 




632 


05331 


05 


337 


EDR 


11) 






632 


05332 


00 


111 


STP 


111 






632 


05333 
05334 
05335 
05336 
05337 
05340 
09341 
09342 
05343 
09344 
09345 
05346 
09347 
09390 
05391 
09392 
09393 
09394 
09355 
01356 


24 


144 
00033 
00027 
00006 
00011 
00032 
00036 
05421 
00004 
00007 
00077 
00037 
05416 
20000 
10000 
05413 
29252 
05410 
12525 
05405 


JMP 
MHO 
MHO 
MRD 
MRD 
MHD 
MRD 
HMD 
MRD 
MRD 
MRD 
MMD 
MHD 
MRD 
MMO 
MRD 
MHD 
MRD 
MRD 
MHD 


TEST09 





AATE J/?2/65. TIME ll'iQ/4* AM p Afifc lg 

WOjfcCT NO. 53CQ*3 PHOUR*MM k R w .fc PMIl.tKM UPfc NUMBfcH 34*U6 

0*3:>/ 0*40* MHO 

0*360 37777 MHO 

0*361 OOCUi NMD 

0*362 OOOOi MHD 

0*363 i» 7 ^ ? 6 MKD 

0*364 00001 NHQ 

0*3bS 07"V6 MKD 

0*366 17-.'6 NKQ 

0*3b7 37776 m*0 

0*370 16301 MKU 

0*371 001U1 HKD 

0*3/2 Z1476 MHO 

0*373 00000 MHO 

0*374 0002U MHO 

0*37* 00010 MKD 

0*37»i 000*4 MHO 

353"' 0000^ MHO 



13 
I 



DATE 3/22/65. TIME 11/30/44 »,H, PAQE t 

PROJECT NO. 530asj PROQR*«HfcS j.|. r* . ..-„ s s-'P i TaPE NUMBER 345116 



ERRlliSfcKK 11),112.UST09 

J feCR It) 

:tp ii2 

V J«P T6STQ9 

ERRU3SERR Iii,113,T£ST09 

bP« 11) 

S'f 113 

*p TSST09 

fcRRli46fcHR li,,114,TESTD9 

£D* It) 

STP H4 

J*P TEST09 

ERR1158SRR 11 ) , 115 , T§STQ9 

EDR 11) 

w 6J6 05412 00 115 STP 115 

^ 636 05413 24 1 376 JHP TESTC9 

6RR1168ERR 11) ,116, TEST09 

r3» 11) 

S>Tp H6 

JMP TESTQ9 

§RR0708fcHR 07 ) ,070 , TESTll 

■J EDR 07) 

STP 070 

J JMP TgSTll 



633 










633 


05400 


05 





377 


633 


05401 


OG 


G 


li < 


633 


05402 


24 


1 


3;-i 


634 










634 


05403 


05 





37 7 


634 


05404 


00 





113 


634 


1)5405 


24 


1 


376 


635 










635 


!3!>406 


05 





3/7 


635 


05407 


00 





114 


635 


05410 


24 


1 


376 


636 










636 


05411 


05 





377 


636 


05412 


00 





115 


636 


05413 


24 


1 


376 


637 










637 


05414 


05 





377 


637 


05415 


00 





116 


637 


05416 


24 


1 


376 


640 










640 


05417 


05 





375 


640 


05420 


00 





070 


640 


05421 


24 


1 


374 



DATfe 3/?<;/65. TIME 11/.S0'47 A.M ; 

PROJECT NU. 530053 PRUGRAHMfcfc j ti PHUuIPPJ TAPfc NUMBER 345H6 



PAGE 20 



641 
64? 
643 
644 
645 
646 
647 
650 
651 
652 
653 
654 
655 
656 
697 
660 
661 
662 
662 
662 
662 



0542? 
05423 
05424 
05425 
05426 
05427 
05430 

05431 
05432 
05433 



32 
37 
37 
32 
03 
27 
01 

01 
20 
24 



37J 
372 
371 
372 
370 
267 
37* 

371 
033 
024 



fcJE 



JT6ST128fcNL 20000) 
V S>Tl TEMP 
«/ 5>T W INDEX 

JNP12A fcNt TEMP 
J J»MB ACC 

PJP ERR040 

TEMP 

INDEX. TESU3.JHP12A 

INDEX 

TESU3 

JMP12A 



TfcST 12 SMB 

ENTER ACCUMULATOR «ITM NUMBER N (20000-1J 
SET HOST SIGNIFICANT BIT OF N, POSITIVE JUMP 
IF STOP OCCURS 

1. S-REGISTER 1$ 30 

2, DESIGNATOR IS i 

S, CHECK ACCUMULATOR 101 SHOULD BE NEGATIVE 
IF POSITIVE SMB DOES NOT NOHK 



OCR 
DSK 
DCR 
ZJP 

JMP 
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563 










iJE 










664 

**5 














TcST 


13 CMB 


*66 














St \ 


i MOST SIGNIFICANT BIT Of h 


*6* 














ct« 


:k* 


HOST SIGNIFICANT HP uf 


ft 70 














i* 


STOP OCCURS 


671 


















1. S-REGISTER IS it 


















DESIGNATOR IS & 


'■>'J 


















CHECK ^SCATION *2?.S 


*7 * 
6)75 


















IT POSjTjVE SMB DOS-- 1 * 


















2. S-REGISTER IS 20 


67ft 

677 


















DESIGNATOR IS 2 


















CHECK LOCATION 5263 


700 


















IF NEGATIVE CMB DQfcS 


701 


05434 


32 





367 


.'TfeSTUStNL 


30000) 








702 


•5435 


37 


1 


372 


*TL 


TEMP 








?03 


05436 


32 





374 


8fcNl 


20000) 








7Q« 


65437 


37 


1 


371 


ST L 


INDEX 








705 


05440 


03 


1 


372 


JMP13A SHB 


TEMP 








706 


05441 


27 





275 


PJP 


ERROil 








707 


05442 


02 


1 


372 


CMB 


TEMP 








'10 


05443 


27 





044 


PJP 


L«2 








711 


05444 


24 





272 


JMP 


ERR020 








712 


05445 


01 


1 


372 


UCR 


T6MP 








713 










DSK 


INDEX, TST14A 


.JMP1JA 


713 


•5446 


01 


1 


371 


OCR 


INDEX 








T 13 


05447 


20 





050 


2JP 


TST14A 








US 


•5450 


24 





037 


JHP 


JNP13A 









NUMBER Ni 

N, POSi 



IF POSITIVE 

TIVE JUMP 



STOP 



SHOULD 8E 



SHOULD WE 
NOT «QRK 



NEGATIVE 



POSITIVE 



•<ojt: T nj 5iou">5 e*.^ ;*♦•*_►• „.r. -«:..:?f: T *Fr "•]*&£« «5*uii 



(J »5€ 22 



W 



714 










^t t 










716 










71* 










720 










721 


35 "M 


« ; 


2 


5 * t 


722 


ox-.? 


^ . • 





J v 


723 


0r>4^c 


>o 





a 


724 


0^4;4 


/4 


U 


3" 


725 


0*4** 


2* 





J-c 


726 


0*<*f> 


24 





w 


727 


0*<s7 


» - : 


r» 


1* 


730 


0*4»>0 


u 





JO. 


7J1 


0*461 


• 





Ov 


732 


Di<t-: 


£ * 





30 « 


7i? 




27 





Vi - 


734 


0*46'. 


24 


u 


J-. 


735 


Qi<.b~. 


32 





^: 


736 


0*4*6 


12 





fc " 


737 


0*46? 


20 





OM 


740 


0*4 ;u 


2'* 


u 


?• I" * 


741 


0*4 7 J. 


£l 





0^ 


742 


0*47* 


24 





04.' 


743 


0*4"\S 


i? 





- : - •- " 


744 


9*474 


l<: 





:o: 


7*5 


ij*?*" 


20 





j •' <> 


746 


054 .'6 


2* 


I 


j ... 


747 


0*4 7/ 


27 





■) :-i 



tJt 



J t .** 



"tb* i*A 



= *'». 


c: 


AND 


0' 


/ .p 


L*i 


>MD 


E*Rl*0 


'«/'■■ 


„»2 


Jl*° 


L-2 


tlw 


0' 


A«L 


-0} 


*JP 


L«2 


.HO 


fcn*:U21 


w,P 


L*2 


Jf J 


'-•2 


► N". 


-0) 


AND 


0) 


i.-f 


1*2 


IMP 


fc*Rl22 


t-_e 


1*2 


jN*» 


L-2 


eN. 


-0J 


AND 


-0) 


*J C 


L*2 


jKB 


tHR123 


w.JP 


C-l 



ACC 



RESULT 
•0 



ERROR 
120 



*C 



♦0 



121 



6Q 



12? 



123 
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^50 fcJE 

7 *1 TEST 14B EOH 

752 

?5S ACC Y RESULT ERROR 

754 

755 05500 32 366 :s" r l48 fcNl 0) »0 *0 *0 130 

75* 0*501 13 366 tOR 0) 

757 05502 20 103 ZJP L*2 

~i9 05503 24 Ji4 JMP ERR130 

7*1 0*504 27 103 HJP L*2 

76? 05505 24 102 JMP L-2 

763 05506 32 366 ENl 0) *0 -0 -0 131 

7*4 05507 13 365 bOK -0) 

765 05510 20 m ZJP L*2 

7*« 05511 24 317 JMP ERR131 

f 767 05512 27 HO Pjp L-l 

co 770 05513 32 365 ENl -0) -0 »0 -0 132 

771 05514 13 366 bOR 0> 

772 05515 20 u6 ZJP 1*2 
77J 05516 24 322 JMP ERR132 

774 05517 27 115 PJP fl 

775 05520 32 365 bNL -0) -0 -0 *0 133 

776 05521 13 365 bOK -0) 

777 05522 20 123 ZJP 1*2 

1000 05523 24 325 JMP EHR133 

1001 05524 27 125 HJP l*2 

1002 05525 24 122 JMP l-2 
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i 
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1003 










EJE 




1004 














10C5 














1006 














1007 














1010 


05526 


32 





366 


'ST15A tNL 


0> 


1011 


0*527 


10 





366 


ADD 


0) 


101? 


0*531) 


20 





111 


£JF 


L*2 


1013 


0*531 


24 


a 


330 


Jf.O 


EHP10G 


10^4 


055.5* 


2" 


u 


* $* 


k.'P 


1*2 


1015 


0553J 


■i* 





1 * o 


JMP 


L-2 


1016 


0954* 


32 


u 


ibi 


E*- 


0> 


1017 


0»535 


10 





33"> 


ADD 


-01 


1020 


0*53o 


20 





13." 


iJP 


1*2 


1021 


055^7 


24 





2 3.1 


JHP 


ESH101 


1022 


0*5*0 


27 





136 


".P 


L-l 


1023 


0*54; 


32 


u 


J f> 


kN. 


-0) 


1024 


0*542 


10 





366 


ADS 


0! 


1025 


0*543 


20 





144 


2JP 


L*2 


1026 


05544 


2< 


-0 


J--7 


JMP 


EHH102 


1027 


0*545 


27 





;*i 


W j9 


i--l 


1030 


0*546 


32 





36? 


tNJ. 


-0) 


lOil 


0*547 


10 





363 


AUD 


>o: 


1042 


055*0 


20 





151 


*jp 


L*2 


1033 


0*551 


24 


* 
& 


36« 


j«p 


crtP.103 


1034 


0*5*2 


2* 


a 


150 


*»'*' 


U-l 


1035 


0*5*3 


32 





ii>S 


8bN'_ 


1252*> 


1036 


0*554 


10 


c 


3i2 


BALD 


25252) 


1037 


0*5*5 


20 





1*6 


*JP 


1*2 


1040 


0*556 


24 


l 


361 


J jn-a 


b««104 


1041 


0*557 


27 





15-J 


WJP 


U-l 


1042 


0*560 


32 





362 


6EN_ 


25252! 


1043 


05561 


10 





363 


BADJ 


1252*> 


1044 


0*562 


20 





163 


iJP 


w*2 


1045 


0*563 


24 


i 


360 


J J*° 


fc«R105 


1046 


0*564 


27 





162 


PjP 


L-l 



APE NUMBEH 345116 

TEST 15 ADD 

ACQ Y 
♦0 *0 



RfcSUL' 
♦0 



ERROR 
100 



♦0 -0 



■0 *0 



•0 -0 



»N 'H 



•H *N 



-0 



-0 



101 



102 



103 



104 



105 



DATE 3.'22/6'> TIKE ll'il/O* a ; M p AGt t , 

PROJECT NO, 530Q53 P>OGRAMMfcR ..E : PHILLIPPJ TAPE NUMBER 345116 



TEST 15B ADD 
ADDER TEST 

00000 • 37776 ■ 377 t 12525 ♦ 12525 = 25252 

00001 * 37777 ■ OOOOl 25252 ♦ 2*252 = 12525 
37775 ♦ OOOOO • 37775 00002 * 00001 ' 00003 
377/7 * 00002 • 00002 377"«6 * 37775 « 37?74 
IF STOP OCCURS 

lc S-REGISTER IS 102 
2< DESIGNATOR IS 10 

3. LOCATION 56*4 IS ADDRESS A Of SUM 
A»2 AND A*l AKE T HE NUHBEHS ADDED 
CHECK LISTING FOR CORRECT VALUES 

4, IT VALUES ARE KIGHT, ADD DOES NO? MO«K 





1047 










fcJt 






1050 


05565 







'«1< 


" OCT 


TABLE 




1051 
















1052 
















1053 
















1054 
















1055 
















1056 
















1057 
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1461 
















1062 
















1063 
















1064 
















1065 














w 


1066 














GO 


1067 














-q 


1070 
















1071 


tt^bt 


i2 


c 


lo" 


"ST15B fcNL 


T 




1072 


0»S6.' 


37 





cl* 


STL 


TAB 




1073 


()->b?0 


32 





is: 


J bNL 


8) 




1074 


()33?1 


3; 


1 


3"'i 


STL 


INDEX 




1075 


0*572 


32 


1 


224 


JMP15C ENL 


TAB. I 




1076 


05573 


01 





224 


DCR 


TAB 




1077 


0*574 


10 


1 


224 


ADD 


TAB.I 




1100 


35 rs 


01 





224 


OCR 


TAB 




1101 


05576 


13 


1 


224 


fcOR 


TAB.I 




1102 


05577 


27 





200 


PJP 


L*2 




1103 


0*600 


24 





201 


JMP 


L*2 




1104 


0*601 


20 





202 


ZJP 


L*2 




1105 


0*602 


24 


1 


3*6 


4 JMP 


6RR106 




1106 


0*603 


01 





224 


DCK 


TAB 




1107 


0*604 


01 


1 


371 


DCR 


INDEX 




1110 


0*605 


11 





171 


PJP 


JMP15C 
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1112 
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1114 














1115 














1116 














1117 














1120 














1121 














1122 














1123 














1124 














1125 














1126 














1127 














1130 


05606 


05 





366 


r£STl6 EDR 


0) 


1131 


0*607 


25 


1 


*•>•> 


J CJP 


ERR250 


1132 


0*610 


32 





3*4 


J OfcNL 


77) 


1133 


05611 


37 


1 


372 


J»T L 


TENP 


1134 


0*61* 


32 





35> 


J ENL 


32) 


1135 


0*613 


J7 


1 


3/1 


JU 


INDEX 


1136 


05614 


05 


1 


37* 


JMP16A EOR 


TEMP 


1137 


0*61* 


25 





210 


CJP 


L*2 


1140 


0*616 


24 


1 


3^><? 


J J*f> 


EKR251 


1141 


0*617 


01 


1 


3/2 


DCH 


TEMP 


1142 


0*620 


01 


1 


372 


OCR 


TEMP 


1143 










D!>* 


1N0EX. 


1143 


0*627. 


01 


1 


371 


UCR 


INDEX 


1143 


0*622 


20 





224 


*JP 


TESU7 


1143 


09623 


24 





2i3 


JMP 


JHP16A 


1144 


0*624 




00000 


TAB OCT 






TEST 16 CJP 

ENTER DESICNATOR MITM CARRY INDICATORS AND CARRY JUMP 
If STOP OCCURS DESIGNATOR IS 25 

1. S-REGISTER IS 250 

INITIAL CHECK • ENTER DESIGNATOR WITH ZERO 
AND CARRY JUMP TO EHROR STQP 
CHECK LOCATION 5766 SHOULD BE ZERO 
IF ZERO. CJP OCCURS WITHOUT PROPER INDICATOR 

2. S-REGISTER IS 251 

CHECK INITIALIZER 9754 SHOULD BE 77 
CHECK COUNTER 5753 SHOULD BE 32 
CARRY INDICATOR (BIT 0) 5263 
IF BIT IS ON CJP OOES NOT MORK 



TEST17.JNP16A 
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co 
to 
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TEST 17 USH 



PAGE 27 
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fcJfc 




1146 














1147 














11*0 














1151 














1152 














1153 














1154 














115% 














1156 














1157 














1160 


056*5 


32 





351 


■/TESU78kNL 


10000) 


1161 


0562ft 


37 


1 


3/1 


S*L 


INDEX 


1162 


05627 


32 





362 


8fcNL 


25252> 


1163 


05630 ' 


37 


1 


3/2 


STL 


TEMP 


1164 


05631 


14 


1 


3/2 


JMP17A LSM 


TEMP 


1165 


0563V 


25 





i?3C 


CJP 


JMP17A 


1166 


05633 


32 


1 


372 


fcNL 


T6HP 


1167 


03634 


11 





362 


»S»UB 


25252) 


1170 


05635 


20 





236 


UP 


L*2 


1171 


05636 


24 


1 


350 


J JMP 


EHR140 



LfcFT SHIFT NUHSta N. N'25252. END AROUND CaRRY JUMP TO 
LfcF T SHJFT N, N*U525, RESULT IS 25252 
IF STOP OCCURS 

1. S-REUISTER IS 140 

2. DESIGNATE it 14 

3. CHECK ulCATION 5762 SHOULD BE 25252 

4. CHECK H 5263 SHOULD BE 25252 
IF NOT ISM DOES NOT hOHK 
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L!»M 
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ZJP 


(.•2 
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24 


1 
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J JMP 
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05643 


27 





241 


HJP 


L-l 
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05644 


32 
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feNl 


0) 




♦0 


♦0 
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1205 


05645 


14 


1 


3/0 


L5H 
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09646 


20 
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ZJP 


1*2 










1207 


05647 


24 


1 
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JMP 


ERR142 










1210 


05650 


27 





201 


PJP 


L*2 










1211 


05651 


24 





24 6 


JHP 


L-2 










1212 
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17B LSM 
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1213 
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RESULT 


ERROR 


1215 






















1216 


05652 


32 
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TST17B fcNC 


0) 




•0 


♦0 


151 


1217 


05653 




157/0 


BMNE 


15,1.370 










1220 


U5654 


20 
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2JP 


L*2 










1221 


05655 


24 


1 
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4 JMP 


fcRRlsl 










1222 


0565n 


27 





25/ 


PJP 


L»2 










1223 


05657 


24 





254 


JHP 


L-2 










1224 


05660 


32 





365 


6NL 


-0) 




-0 


-0 


152 


1225 


05661 




15770 


BHNt 


15,1.370 










1226 


09662 


20 





263 


iJP 


L*2 










1227 


05663 


24 


1 


344 


J JHP 


t'»K152 










1230 


05664 


27 





262 


HjP 


L-l 










1231 










DS* 


MDEX.TEST 


H0,JHP17A 








1231 


05665 


01 


1 


3/1 


DC* 


INDEX 










1231 


05666 


20 


1 


343 


J UP 


TESTIS 










1231 


05667 


24 


D 


230 


JHP 


JMP17A 
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I 



1232 

1233 
1233 
1233 
1233 
1234 
1234 
1234 
1234 
1235 
1235 
1235 
1235 
1236 
1236 
1236 
1236 
1237 
1237 
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1240 
1240 
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0*670 
0*671 
05672 

05673 
0*674 
0*675 

0*67t> 
0*67/ 
0*700 

0*701 
0*702 
0*703 

0*704 
0*70* 
0*706 

0*707 
0*710 
0*711 

0*712 
0*713 
0*714 

0*71* 
0*716 
0*717 

0*720 
0*721 
0*722 

0&7c.« 

0*7*4 



05 342 

00 030 
24 o 034 

05 341 
00 020 
24 0*0 

05 342 
00 031 
24 0*0 

05 340 
00 120 
24 125 

05 340 
00 121 
24 12* 

05 340 
00 122 
24 12* 

05 340 
00 123 
24 12* 
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00 130 
24 12* 
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J EOR 
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JHP 
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J EOR 
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EOR 
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JHP 

ERRl208fcKR 

J EOR 

STP 
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ERR1228EKR 
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ERR1238ERR 
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JMP 
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J EOR 

STP 

JMP 
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STP 
JHP 
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3), 30. TESTIS 

3) 

30 
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2> 

20 

TST14A 
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3) 

31 

TST14A 

12).120.TST15A 
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TST1*A 

12),121,TST15A 
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TST1*A 

12).122.TST1*A 
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TST15A 

12).123.TST1*A 

12) 
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TST15A 
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13) 
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057*5 24 1*5 



057*6 
05727 
05730 

05731 
0573* 
05733 

05734 
0*735 
05736 
09737 
05740 
05741 
05742 
05743 
05744 
05745 
05746 
05747 
05750 
05751 
05752 
05753 
05754 
05755 
05756 
05757 
05760 
05761 
05762 
05763 
05764 
05765 
03766 
0576 7 
05770 
05771 



05 33' 

00 133 

24 1*5 

05 357 

00 100 

24 165 



05 
00 
24 



35/ 
101 
165 
00013 
00012 
00002 
00003 
06043 
060*7 
06024 
060*1 
06016 
06040 
10000 
0603* 
00040 
00077 
06035 
06013 
00010 
06010 
06005 
25252 
125*5 
0600* 
3 7 7 7 7 
00000 
30000 
00101 
05266 



Ekh: JiSfcKW 
fcUrt 

JHP 

E&H! OOSfcKK 

EDw 

ERN1018EKK 
fcUw 
STP 

JMP 
NKD 
MHD 
NRD 
NKD 
MHD 
NKD 
NKQ 
NKD 
NKD 
NKD 
MKD 
NKD 
MHO 

NKD 
WHO 
NKQ 
NKD 
NKU 
NKD 
NKD 
NKD 
hHQ 

w-u 

h-;. 

" " j 



TST1H' 

13).: ; . 

13) 
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T *i T 1 5 A 

10) »i:-> 
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100 

TST15H 
1 ) . 1 1 

10! 

101 

TSU'jc 



TST15A 



ST15S 



TST15B 
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PAGE 31 



PROJECT NO. $30053 PROGRAMME* j.E. PHUlJPPl TAPE NUMBER 345116 



0*772 


05263 


MHO 


0*773 


20000 


MHO 


0*774 


0522? 


taHD 


0*7 75 


000C7 


MHQ 


5*776 


0*144 


MHO 


0*777 


00011 


MHO 



co 
i 

*>. 
co 



DATE J/22/63. TIME U/Jl/26 A.* 

PROJECT NO, 530053 PROGRAMMER J.E, ^Ui_IP°l ' 
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N'jMHca j«5U*. 



CO 

I 



1250 










ER»132HtKH 


I 3 ) . 1 ^ .- ? 


1250 


06000 


05 





37; 


J t'J* 


10) 


1250 


06001 


00 





102 


!»:» 


102 


1250 


06002 


24 


1 


376 


J ,'HJ 


TST15r; 


1251 










ERRl038fcK« 


10) iU .1. 


1251 


06003 


05 





377 


fcDH 


10) 


1251 


06004 


00 





103 


STP 


103 


1251 


06005 


24 


1 


376 


JMP 


tsti> 


1252 










EKR104BEKR 


10) ,lv». 


1252 


06006 


05 





377 


EUR 


10) 


1252 


06007 


00 





104 


STP 


104 


1252 


06010 


24 


1 


376 


JMP 


TST15* 


1253 










ERR1058ERR 


10. )U ' 


1253 


06011 


05 


1 


377 


EUR 


10 


1253 


06012 


00 





102 


J STP 


)105 


1253 


06013 


24 


1 


376 


JMP 


TST15* 


1254 










ERR10*°ERR 


10>.l 


1254 


06014 


05 





377 


EOR 


10) 


1254 


06015 


00 





106 


STP 


106 


1254 


06016 


24 


1 


374 


V JMP 


TEST16 


1255 










ERR1418ERR 


14) .1*1. " 


1255 


06017 


05 





373 


J fcDR 


14) 


1255 


06020 


00 





141 


STP 


141 


1255 


06021 


24 


1 


372 


J JMP 


TST17!- 


1256 










ERR1428ERR 


I4).i< 4 


1256 


06022 


05 





3/3 


EDR 


14) 


1256 


06023 


00 





142 


STP 


142 


1256 


06024 


24 


1 


372 


JMP 


TST17J 


1257 










ERR1518ERR 


15) .151, T 


1257 


06025 


05 





371 


J EDR 


15) 


1257 


06026 


00 





151 


STP 


151 


1257 


06027 


24 





043 


JMP 


TESTIS 


1260 










ERR1528EKR 


15). 152, ■> 


1260 


06030 


05 





371 


EOR 


15) 


1260 


06031 


00 





1*2 


STP 


152 


1260 


06032 


24 





04 3 


JMP 


T6ST1- 


1261 










ERh25i8fcKR 


25) .251, ( 


1261 


06033 


05 





3/0 


J kDR 


25) 


1261 


06034 


00 





2*1 


STP 


251 


1261 


06035 


24 


1 


367 


J JMP 


TcST17 



S'158 



158 



oT!5d 



>Tj.58 



■Uil6 



ST179 



iTi78 



6ST18 



6ST18 



EST17 
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PACE 33 



1262 
1262 
124? 
1262 
1263 
1263 
1263 
1263 



06036 05 370 

06037 00 ?50 

06040 24 1 367 

06041 05 373 

06042 00 140 

06043 24 043 



ERR2508ERR 25) . 250, TEST17 

fcDR 25) 

STP 250 

JNP TEST17 
ERRl408fcRR 14), 140. TESTIS 

feOR 14) 

STP 140 

JHP TEST18 



GO 






DATE 3/22/65. TIME H/J;-'.ii * 
»R0JECT N3. 5J005J PRi;-.;%»*lE'' J . 5: 



K*UE 3-» 



1»J? ■.• -HJc-, ..»bil4 



i 

os 



1264 
1265 
1266 
1267 
1270 
1271 
1272 
1273 
1274 
1275 
1276 
1277 
1300 
1301 
1302 
1303 
1304 
1305 
1306 
1307 
1310 
1311 
1312 
1313 
1314 
1315 
1315 
1315 
1315 



i i- • 



"jH 



06044 
06045 
06046 
06047 
06050 
06051 
06052 
06053 
06054 
06055 
06056 
06057 

06060 
06061 
06062 



32 
37 
37 
32 
37 
16 
14 
32 
12 
11 
20 
24 



366 
365 
36* 
363 
362 
362 
362 
362 
361 
363 
057 
274 



01 1 365 
20 062 
24 050 



JTESTlSBfcNL 

J ST L 

!»T L 

J 8fcNL 

J ML 

JNP18A KbH 

LSH 

bNL 

J SAND 

8 sua 

UP 

I'SK 
DCR 
UP 
JMP 



»|u*T SMlfT NUHBeR N. N>25252* (32525) LEFT SHIFT 
i.'-.'SJ), LOGICAL AND «ITM 37776 (25252), SUBTHACT N 
\t jTUP OCCURS 

1. S-HEUISTER IS 160 

2 DESIGNATOR IS 16 

3, CHECK LOCATION 6363 SHOULD BE 25252 

4. CHECK LOCATION 6361 SHOULD BE 37776 
•J: CHECK LOCATION 5263 SHOULD *E 25253 

ACCUMULATOR SHOULD BE ZE«0 
6 RSH DOES NOT MURK 
10000) 
INDEX* 
INDE*ri 
25252) 
TEMP 
TEMP 
TEMP 
TEMP 
37776) 
25252) 
1*2 

ERR160 

INDEX A. JMP18B.JMP18A 
INDEXA 
JMPlbb 
JMPlBA 
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GO 
-3 



1J16 










EJfc 




13X7 














1320 














1321 














132? 














1323 














1324 














1325 














1326 














1327 


06063 


32 





360 


V-MHjdBBfcNL 


12525> 


1330 


06064 


37 


1 


36> 


b?L 


temp 


1331 


06065 


16 


1 


352 


JMP1«C KbM 


T6HP 


1332 


06066 


14 


1 


36* 


L*H 


TEMP 


1333 


06067 


32 


1 


M>t 


fcNL 


T bMP 


1334 


06070 


13 





35/ 


J fcUH 


1) 


1335 


06071 


11 





3bO 


8SU8 


12525) 


1336 


06072 


20 





073 


*JP 


L»2 


1337 


06073 


24 





2.' 7 


JMP 


EHH161 



SlMlLAKlY, KIUHT SHJFT N, N«l2525 

if stop occurs 

1 : S-WEG!b*EP :S 161 

2. CHtCK UOCA'ION 6360 

3, CHECK LOCATION 6357 
4 t CHECK LOCATION 5263 

ACCUMULATOR SHOULD Bb ZERO 
5. KSM DOES NOT MORK 



SHOULD Bfc 12525 
SHOULD BE 1 
SHOULD Mfc 12524 



w 
I 

00 



DATE 3/22/65. T 1 HE ll/M/37 AM PAGE 36 
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Eb T lt)A HSH (16) 

V RESULT ERR08 
•0 *0 162 



1340 










bJ6 




1341 














134? 














1343 














1344 














1345 


06074 


32 





3 '■> 


;S'1(JA tNL 


0> 


1346 


06075 


16 


1 


356 


J KbH 


ACC 


1347 


06076 


20 





0/.' 


ZJP 


1*2 


1350 


06077 


24 





?<J4 


J*r> 


£r.>U62 


1351 


06100 


2 1 





101 


P-P 


L»2 


1352 


06101 


24 





0/6 


JM° 


L-2 


1353 


06102 


32 





35 7 


tNL 


1> 


1354 


0610J 


16 


1 


356 


KiH 


ACC 


1355 


06104 


20 





1U-: 


/JP 


L*2 


1356 


06105 


24 


u 


24 7 


JMP 


tHR163 


1357 


06106 


27 





10/ 


PjP 


L*2 


1360 


06107 


24 





104 


JMP 


L-2 


1361 


06110 


32 





355 


J bNL 


-0) 


1362 


06111 


16 


1 


356 


Ki>H 


ACC 


1363 


06112 


20 





113 


^JP 


L«2 


1364 


06113 


24 





2t>-> 


JMP 


E*R164 


1365 


06114 


27 





11^ 


PJP 


L-l 


1366 


06115 


32 





361 


tNL 


-1) 


1367 


06116 


16 


1 


356 


HSH 


ACC 


1370 


06117 


20 





120 


IJf 


L»2 


1371 


06120 


24 





255 


JHP 


E*R165 


1372 


06121 


27 





117 


PJP 


L-l 



♦ 1 *0 163 



164 



165 
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PACE 17 



1373 



CO 



CO 



EJE 



1374 










TEST 108 


ASM (17) 






1375 


















1376 












V 


RESULT 


ERROR 


1377 


















1400 


06122 


32 


375 


TST188 ENL 


0) 


♦ 


*0 


171 


1401 


11*123 




17756 


OHNE 


17,1.356 








1402 


• 6124 


20 


125 


ZJP 


L*2 








1403 


06125 


24 


260 


JMP 


ERR171 








1404 


06126 


27 


127 


PJP 


L*2 








1405 


06127 


24 


124 


JMP 


L-2 








1406 


06130 


32 


357 


fcHL 


D 


♦1 


♦0 


172 


1407 


06131 




17756 


OHNE 


17,1,356 








1410 


06132 


20 


133 


ZJP 


L*2 








1411 


06133 


24 


263 


JMP 


ERR172 








1412 


06134 


27 


135 


PJP 


L*2 








1413 


06135 


24 


132 


JMP 


L-2 








1414 


06136 


32 


355 


ENL 


-0) 


-0 


<-• 


173 


1415 


06137 




17756 


OHNE 


17,1,356 








1416 


06140 


20 


141 


ZJP 


L*2 








1417 


•6141 


24 


266 


JMP 


ERR173 








1420 


06142 


27 


140 


PJP 


L-l 








1421 


06143 


32 


361 


ENL 


-1) 


-t 


-0 


174 


1422 


06144 




17756 


OHNE 


17,1.356 








1423 


•6145 


20 


146 


ZJP 


L*2 








1424 


06146 


24 


271 


JMP 


ERR174 








1425 


06147 


27 


145 


PJP 


L-l 








1426 








DSK 


INDEXB.TEST19. 


JMPtOC 






1426 


06150 


01 


1 364 


OCR 


1NDEXB 








1426 


•6151 


20 


152 


ZJP 


TEST19 








1426 


06152 


24 


064 


JMP 


JMP18C 
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1427 










fcJE 




1430 














1431 














1432 














1433 














1434 














14.5S 














1436 














1437 














1440 














1441 














1*42 














1443 














1444 














1445 














144*, 


06153 


05 





3.'* 


TEST19 bDH 


0) 


1447 


06154 


21 





302 


EJP 


ERR210 


1490 


06155 


32 





354 


J fcNL 


16) 


1451 


06156 


37 


1 


353 


J STL 


INDEX 


1452 


06157 


32 





352 


J SfcNL 


37) 


1453 


06160 


37 


1 


362 


!»TL 


TEMP 


1454 


06161 


05 


1 


362 


JNP19A fcDR 


TEMP 


1455 


06162 


21 





163 


bJP 


L*2 


1456 


06163 


24 





305 


JHP 


ERR211 


1457 


06164 


01 


1 


362 


OCR 


TEMP 


1460 










DSK 


INDEX. 


1460 


06165 


01 


1 


353 


OCR 


INDEX 


1460 


06166 


20 





167 


ZJP 


TST19A 


1460 


06167 


24 





160 


JHP 


JMP1VA 



TEST 



fcJP 



ENTfc* Drr. iuKATOH M|TH EVEN INDICATORS AND EVEN JUMP 
IF STO? OCCURS DESIGNATOR IS 21 
I S-RESISTER IS 210 

.'..' T i*_ CHECH - ENTER DESIGNATOR WITH Z6K0 
AND EVEN JUMP TO ERROR STOP 
CHECK LOCATION 6375 SHOULD BE ZERO 
ir Zfc«0, EJP OCCURS WITHOUT PROPER INDICATOR 
2 : S-REGISTER IS 211 

CfeCK INITIALIZER 6352 SHOULD BE 37 
CHECK COUNTER 6354 IS 16 
EVEN INDICATOR (BIT 4) 5263 
<F BIT 4 ON EJ" DOES NOT WORK 



TST19A, JMP19A 
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1461 



fcJE 





1462 
1463 
















1464 
















1465 
















1466 
















1467 
















1470 
















1471 
















1472 
















1473 
















1474 
















1475 
















1476 
















1477 
















1500 


06170 


05 





375 


T S'19A EDR 


0) 


CO 


1501 


06171 


26 





310 


UjP 


E2R260 


I— i 


1502 


06172 


32 





3/7 


fcN L 


0> 




1503 


06173 


37 


1 


364 


S>"L 


INDEXd 




1504 


06174 


32 





352 


8kNL 


3/) 




1505 


06175 


37 


1 


362 


S'i. 


teup 




1506 


06176 


32 





351 


JJHP19B ENL 


2) 




1507 


06177 


37 


1 


36? 


S'L 


iNDEXA 




1510 


06200 


05 


1 


362 


JMP19C EDR 


T 6MP 




1511 


06201 


26 





202 


UJP 


L*2 




1512 


06202 


24 





313 


JMP 


ERR261 




1513 


06203 


01 


1 


362 


OCR 


T EHP 




1514 


06204 


01 


1 


365 


OCR 


iNDEXA 




1515 


06205 


27 





1/7 


PJP 


JHP1VC 




1516 


06206 


32 


1 


362 


fcNL 


*6HP 




1517 


06237 


11 





351 


sub 


2) 




1520 


06210 


37 


1 


362 


STL 


▼EMP 




1521 


06211 


01 


1 


364 


OCR 


INDEX* 




1522 


0621/ 


27 





175 


PJP 


JNPlVtf 




1523 


06213 


24 


1 


350 


J JHP 


T6$ T 20 



TEST 1VA OJP 

ENTER DESIGNATOR WITH OVERFLOW INDICA T 0R AND OJP 
if STOP OCCURS DESIGNATOR IS 26 

1, S-RtCISTfc* IS 260 

INI'IAL CHECK - EN'EH DESIGNATOR WITH ZERO 
AND OVERSOW JUNP TQ ERROR STOP 
CHECK LOCATION 6J75 SHOULD BE ZERO 
IF ZERO. OJP OCCUHS WITHOUT PROPER INDICATOR 

2. S=RE6ISTE« IS 261 

CHECK INITIALIZER 6352 SHOULD BE 37 
CHECK COUN'fcRS 6377 IS 8 6351 IS 2 
OVERFLOW INDICATOR {*p l) $263 
IF BIT l ON OJP DOES NOT WORK 
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P*SE 40 



CO 

I 

en 

to 



1524 
1525 
1526 
1527 
1530 
1531 
153? 
1533 
1534 
1535 
1536 
1537 
1540 
1541 
1542 
1543 
1544 
1545 
1546 
1547 
1550 
1551 
1552 
1553 
1553 
1553 
1553 



fc-'fc 



06214 
06215 
06216 
06217 
06220 
06221 
06222 
06223 
06224 
06225 
06226 
06227 
06230 

06231 
06232 
06233 



32 
37 
36 
32 

14 



26 

24 o 

21 

20 

25 

24 

27 

24 



01 
20 
24 



TfcST 24 

CHECK DESIGNATOR SETTINGS BY LEPT SHIF T ALTERNATE ONES- 
OVERFLOW IS SET 
EVEN NOT SET 
ZERO NOT SET 
IF CARRY THEN ALSO POSITIVE SfT OR NOT SE T 

IF STO*» OCCURS 

CHECK LOCATION 6363 SHOULD BE 252->i 



Jr><> r ES?248bNL 10000) 

i>. S~L INDEX 

1\: v RJP 0SI6CK 

363 8ENL 25252) 

^f> JNP24A LSH ACC 

**•-■ OJP 1*2 

&-/i JHP ERR143 

3*1 fcJP ERR144 

316 ZJP ERR145 

2*6 CJP L*2 

230 JHP L»3 

230 PJP L*2 

324 JHP ERR146 

OSK INDEX. TEST25. JHP24A 

353 OCR INDEX 

2ii UP TEST25 

217 JHP JNP24A 
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1554 



bJE 





1555 












155* 












1557 












1560 












1561 












1562 












1563 


06234 


32 346 


J T fcS725 


fcNL 3) 




1564 


06235 


37 1 353 




STL INDEX 




1565 


06236 


22 2i7 


JMP25A 


S»LJ L*2 




1566 


06237 


24 o 33^ 




JMP EHR2<!i 




1567 


06240 


23 241 




CLJ L»2 




1570 


06241 


24 335 




JMP ERR231 




1571 


06242 


01 1 353 




DCR INDEX 




1572 


06243 


27 235 




PJP JHP25A 




1573 


06244 


24 1 345 


JEND 


JMP TEST08 


w 












Ol 

to 













TEST 25 CLJ-SLJ 

SET LOCKOUT AND JUMP, CLEAN LOCKOUT AND JUMP 
IF STOP OCCURS JUMPS DID NOT OCCUR 

1, S-REGISTER IS 221 SLJ DOES NOT MORK 

2, S-REGISTER IS 231 CLJ DOES NOT HQRK 
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i 

U1 



1574 










fcJt 




1575 










£Hkl628fcKR 


16), 162, 


1575 


06245 


05 





344 


J fcDR 


16) 


1575 


06246 


00 


u 


162 


STP 


162 


1575 


06247 


24 





15^ 


JMP 


TEST19 


1576 










ERK1638fcKR 


16) .163, 


1576 


06250 


0t> 





344 


fcDR 


16) 


1576 


06251 


00 





163 


STP 


163 


1576 


06252 


24 





152 


JMP 


TEST19 


1577 










ERR1648fcHR 


16) .164. 


1577 


06253 


05 





344 


fcDR 


16) 


1577 


06254 


00 





164 


STP 


164 


1577 


06255 


24 





15.* 


JMP 


TEST19 


1*00 










ERR165BfcKR 


16). 165, 


1600 


06256 


05 





344 


EDR 


16) 


1*00 


06257 


00 





165 


STP 


165 


1600 


06260 


24 





15<! 


JMP 


TESU9 


1601 










ERR1718EKR 


17). 171, 


1601 


06261 


05 





343 


J fcDR 


17) 


1601 


06262 


00 





1/1 


STP 


171 


1601 


06263 


24 





152 


JMP 


TEST19 


1602 










ERRl728fcHR 


17). 172. 


1602 


06264 


05 





343 


fcDR 


17) 


1602 


06265 


00 





172 


STP 


172 


1602 


06266 


24 





152 


JMP 


TEST19 


1603 










ERRl738fcRR 


17). 173. 


1603 


06267 


05 





343 


fcDR 


17) 


1603 


06270 


00 





173 


STP 


173 


1603 


06271 


24 





152 


JMP 


TEST19 


1604 










ERRl748fcHR 


17). 174, 


1604 


06272 


05 





343 


fcDR 


17) 


1604 


06273 


00 





174 


STP 


174 


1604 


06274 


24 





152 


JMP 


TESU9 


1605 










ERRl6Q8fcHR 


16). 160. 


1605 


06275 


05 





344 


EDR 


16) 


1605 


06276 


00 





160 


STP 


160 


1605 


06277 


24 





152 


JMP 


TESU9 


1606 










ERRl618fc«R 


16). 161. 


1606 


06300 


05 





344 


fcDR 


16) 


1606 


06301 


00 





161 


STP 


161 



TE5M9 



TEST19 



TEST19 



TEST19 



TEST19 



TEST19 



TEST19 



TEST19 



TEST19 



TEST19 
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CO 



en 



1606 
1607 
1607 
1607 
1607 
1610 
16io 
1610 
1610 
1*11 
1611 
1*11 
1611 
1612 
1612 
1612 
1612 
1613 
1613 
1613 
1613 
1614 
1614 
1614 
1614 
1615 
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CORE CROSSTALK TEST (DIOA) 

I. Purpose of Teat 

To clear any half-set cores and to check core for crosstalk Interference. 

n. Description of Test 

The test Is divided Into two parts: 

In part one the following sequence is executed: (T0PL0C = highest numbered 
core location.) 

Store positive zero at location T0PL0C, check, store negative zero (37777b) 
at location T0PL0C, check, store positive zero at location T0PL0C, check; 

repeat this procedure for locations T0PL0C-1, T0PL0C-2 LASTL0*-1, 

where LASTLY (152g) is the last location of the core crosstalk program. 

In part two the following sequence is executed: 

Store negative zero (37777 8 ) in location T0PL0C for an arbitrary number of 
times, check to see that all core locations in the same bay as this location 
are positive zero; repeat this procedure for locations T0PL0C-1, T0PL0C-2, 
.... LASTL0+1. 

Provision has been made to vary the highest core location (TQJPL0C) from the end 
of the crosstalk test (LASTL0+1 = 153g) up to and including 37777o. Errors will 
occur if T0PL0C is a number for which no core bay exists. Since the program 
does not communicate with any I/O devices it needs no interrupts. Thus the pro- 
gram is to be run under lockout. 

The first part of the program unsets any half-set cores that may have occurred 
before testing. After this part is finished, part two checks for crosstalk Inter- 
ference. The number of cycles of this test may be varied from 1 to 8191 times, 
or if desired, the test may be run continuously. 

III. Operation of Test 

A. Read in the binary tape of the Core Crosstalk test using the bootstrapped bi- 
nary loader. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the 
binary loader (X7602); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Place the binary tape under the tape reader. 

5. Turn the reader on. 

6. Depress the Start button. 
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B. Enter the test parameters. 

1. Put machine In WRITE mode; depress the Master Clear button. 

2. Using the probe, load the S-Register with the parameter location. 

3. Using the probe, load the X-Register with the parameter constant; de- 
press the Start button. 

4. Repeat 2 and 3 until all the following parameters have been entered. 

Location Preset Description 

136g T0PL0C 375778 Highest core location to be tested. 

1378 N0CYCL Number of cycles to be done. 

C. Start the test. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the 
test (Og), depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Depress the Start button. 

D. If an error is encountered, the test will stop with the S-Register set as fol- 
lows: 

Part One Error: 

S-Register (0-7) Description 

001 First positive zero stored or read Incorrectly. 

002 First positive zero stored or read as negative 
number. 

003 Negative zero stored or read incorrectly. 

004 Negative zero stored or read as positive number. 

005 Second positive zero stored or read incorrectly. 

006 Second positive zero stored or read as negative 
number. 

Location ADDRES ( 140g) will contain the address of the error. Thus contents 
of the contents of ADDRES may be Inspected if half-set cores are not sus- 
pected. 

Part Two Error: 

S-Register (0-7) Description 

007 Disturbed location not zero. 

Location ADDRES (140g) contains the address of the location where storage 
actually took place; location L0CNDX (141s) contains the address of the dis- 
turbed location. 
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To continue testing, depress the Start button. 

E. If the number of cycles becomes equal to N#CYCL, the program Is terminated 
with the S- Register (bits 7-0) containing 010g. If N0CYCL equals a positive 
zero, the program runs continuously. 

F. Proper operation of the core is verified by the absence of computer stops 
(except, of course, stop 010). 

G. The program may be restarted by pushing the Start button. 
IV. Storage 

Number of locations used: 152g (l-152g). 
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THE FOLLOWING ARE PROGRAM PARAMETERS! 

HIGHEST ADDKESf TO BE CHECKED 
NO OF CYCLES To BE COMPLETED 

NOTE MELLI THIS PROGRAM MUST SKIP BY THE ACC. 
PROGRAM IS TO BE RUN UNDER LOCKOUT 

RESET NO. OF CYCLES COUNTER 

UNSET HALFSET CORES TEST 
STORE ADDRESS INDEX 

STORE NUMBER OF ADDRESSES INDEX 

WRITE POS, ZERO IN -ITH CORE LOCATION 
READ -ITH CORE LOCATION 

NOT ZERO. STOP 1 
PROCEED 

NOT POS, ZEHO. ST0P2 

WRITE NEG. ZERO IN -ITH CORE LOCATION 
READ -ITH CORE LOCATION 



NOT NEO ZERO. STOP J 

NOT NEG, NUMBER. STOP 4 

WRITE POS; ZERO IN -ITh CORE LOCATION 
READ -ITH CORE LOCATION 

NOT ZERO. STOP 5 
PROCEED 
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CROSSTALK TEST 
STORE ADDRESS INDEX 



WRITE NEC ZERO 100 TIMES (ARBITRARY VALUE) 
TO SET UP FAVORABLE CONDITFONS FOR 
CROSSTALK BETWEEN CORE LOCATIONS 



FINO COMMON BAY BITS 

ADDRESS AND TOPLOC IN SAME BAY 
ADDRESS IS IN A LONER BAY Than TOPLOC 

SET LOCNDX TO HI6HES? BAY LOCATION IN" 
MHICH ADDRESS IS IN 

LOCNDX IS IN BAY ZERO 

LOCNDX IS NOT IN BAY ZERO. SET COUNT '0 
4096 DECIMAL (ONE BAY) 

SET COUNT TO 4096 MINUS NO OF 
INSTRUCTION IN TEST 

SET LOCATION INDEX TO TOP LOCATION 

STORE BAY ZERO INDICATOR 

SET COUNT TO TOPLOC* IF NOT IN BAY ZERO 
SKIr> PAST ACCUMULATOR LOCATION 

ACCUMULATOR LOCATION 
TOP LOCATION IN BAY ZERO. SET CtuMT TO 

TOPLOC MINUS NO. Or INS, IN TEST 
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TAPE NUMBER 345045 

CHECK WHETHER CROSSTALK HAS OCCURRED 

ILOOP21 IS THE DOMINANT LOOP IN THAT THE 
TINE TO EXECUTE ALL T HE OTHER INSTRUCTIONS 
IS NEGLIGIBLE COMPARED TO THIS LOOP- THE 
TOTAL NUMBER Or MACHINE CYCLES IS 16. IF 
A MAXIMUM OF 4096 WORDS ARE CHECKED (IT IS 
ASSUMED THAT THERE IS NO CROSSTALK BETWEEN 
BAYS) TOR EACH BAY, THEN THE MAXIMUM TIME 
FOR ONE COMPLETE CTCLE TO CHECK ALL THAT 
MAS REQUESTED MOULD BE I 

TINE > H6)»(4,5US>»U096)*N0W0RDS 

TIME • .004B*NOMORDS MINUTES/CYCLE 

IF NOWORDS IS 40961 

TIME • 19,2 MIN/CYCLE 

|F NOmORDS IS 163641 

TIME » 76,6 MIN/CYCLE 

THIS T IME FUKHULA MAY BE USED TO OBTaIN 
A ROUGH APPROXIMATION OF THE LENGTH OF 
A CYCLE. SINCE SIMPLIFICATIONS HAVE BEEN 
MADE TO OBTAIN SAlO FORMULA, 

INITIALIZE FOR CARRY JUMP 

CHECK LOCATION 

LOCATION HAS CHANGED. NO* POS , ZERO 

LOCATION OKAY 

CHECK NEXT LOCATION 
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RESET AND SETUP FOR NEXT CROSSTALK TRY 

RESTORE CONTENTS OF TRIED CROSSTALK ADRfiSS 
DECREMENT ADDRESS 



ALL ADDRESSES HAVE BEEN TESTED 
TRY NEXT ADDRESS FOR CROSSTALK 



REPEAT TEST CONTINUOUSLY 

REPEAT TEST FOM NUMBER OF CYCLES 
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HEPEAT PROGRAM 
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CROSSTALK EHROH. CM=CK ADDRESS AND 
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WORST CASE CORE PATTERN TEST (D11A) 

I. Purpose of Test 

To generate the worst case core pattern in all specified bays of core, and to check 
that this pattern has been successfully generated. 

n. Description of Test 

The program stores the desired pattern throughout core, from the highest location 
specified (HIADR) down to the lowest location specified (L0ADR). L0ADR may 
vary from the end of the worst case core program (371g) to the physical end of 
core (77778 f° r 4K core, 37777g for 16K core, etc.). HIADR may vary from 
L0ADR to the physical end of core. The pattern has been derived from the manu- 
facturer's specifications of the core any may be deducted from the program list- 
ing. Provision has also been made to store the complement (plus zero for minus 
zero and vice versa) of the worst case core pattern if so desired. 

Once the pattern has been stored, each core location between HIADR and L0ADR 
is checked to verify that It is either plus or minus zero. Core locations are 
checked from the highest to the lowest core location. One pass through this limit 
is designated as a cycle. The number of cycles may be varied from 1 to 8191, or 
if desired, the test may run continuously. 

If an error occurs, that is, a core location does not contain plus or minus zero, 
the core location and the contents of that particular location are printed out on 
the ASR typewriter. The correct value is then attempted to be stored in this lo- 
cation and the checking proceeds. A control on the number of errors printed may 
be changed from 1 to 8191 lines. 

All interrupts are ignored except the one corresponding to the ASR typewriter. 
The interrupt location and the channel number of the ASR typewriter must be 
changed to correspond with the existing hardware setup. 

III. Operation of Test 

A. Read in the binary tape of the Worst Case Core Pattern test using the boot- 
strapped binary loader. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the 
binary loader (X7602); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Place the binary tape under the tape reader. 

5. Turn the reader on. 

6. Depress the Start button. 
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B. Enter the test parameters. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the S- Register with the parameter location. 

3. Using the probe, load the X-Register with the parameter constant; de- 
press the Start button. 

4. Repeat 2 and 3 until all the following parameters have been entered. 

Location Preset Description 

317g ASRCHA 1 A3R typewriter channel 

320g INTLQfC 11 8 ASR Interrupt location 

321g IND If non-zero, complement pattern 

322g HIADR 37577g Highest core location to be tested 

323 8 L0ADR 371g Lowest core location to be tested 

324g N0CYCL Number of cycles to execute 

325 8 PRTCNT lOOOjn Number of error printouts allowed 

C. Start the Test 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X- Register with the starting location of the 
test (101g); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Depress the Start button. 

D. Any errors encountered will he printed on \t" .-\SW typewriter. An example 
of piich a printout is: 

27753 37773 

Thus location 27753g has dropped hit two. The ASR set 1r turned on at the 
start of onrh printout and off at the end of it. 

If the number of error printouts becomes equal to PRTCNT, the program is 
terminated with the S-Register (bits 7-0) containing two (2). 

E. If the number of cycles becomes equal to N0CYCL, the program is terminated 
with the S-Register (bits 7-0) containing one (1). If N0CYCI. equals a positive 
zero, the program runs continuously. 

F. Proper operation of the core is verified by the absence of printout on the ASR 
typewriter. 

G. The program may be restarted by pushing the Start button. 
IV. Storage 

Number of locations used: 267g (102 - 371). 
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JfCT 



i 



2 
2 

25 



10. 530053 PROGRAMMER E.E. O.hARE 



PAW 1 



00102 
00103 
00104 
■0105 
•010* 
00107 

00110 
00111 
00112 
00113 
00114 
0011$ 
00116 
00117 
00120 
•0121 
•1122 
••123 
••124 
••129 
0*126 
•ei27 



00001 
00011 
300G0 
37577 
01750 
00000 



32 
37 
32 

37 
01 

27 

32 
37 
11 
10 
37 
32 
10 
37 
32 
37 
32 
37 
32 
37 

32 

37 



0010<? 

370 
344 
367 
344 
334 
104 



322 
344 
324 
366 
34<? 
317 
365 
314 
354 
201 
356 
320 
324 
326 
325 
327 



TAPE NUMBER 349066 

MWST CASE CORE PATTERN TEST 

PROGRAM LIBRARY 
PROGRAM NO. P-5« MIA 



THE FOLLOWING ARE PROGRAM PARAMETERS I 
ASROCH £OU 1 ASR OUTPUT CHANNEL 

ASMOLOSEOU li A SR OUTPUT INTERRUPT COMPLETION LOCATION 

PATTERN TYPE) NORMAL"*! CONPLSNENTSD'NON-Q 

HIGHEST CORE ADDRESS TO BE INCLUDED IN TST 
MAXIMUM NUMBER OF LINES TO RE PRINTED 
NUMBER OF TEST C*CES REQUESTEDt»MINrjNrTE 



PaT/PE EOU 
HUDRS8E0U 37577 
NOtlNE ECU 1000 
TjHfcS DEOU 



jwc 



U"L 
UHG 
;0HE8fcNL 
STL 
8t«i. 
STL 
OCR 
PJP 

fcML 
Sl\ 
SUB 
ADD 
STL 
fcNL 
6ADD 
STL 
fc"L 
STL 
fcNL 
STL 
fcML 
STL 
fcNL 
STL 



ACC*l 

100> 

TEMPI 

24409) 

TtMPl.i 

TEMPI 

L-2 

HUDrt 

PSEUUP 

LOADH 

l» 

COUN r 

ASRCHA 

34000) 

OUTCOH 

CLKOU T 

TVEC T H 

IN'IMS 

INTLOC.l 

NOC^CL 

CTR1 

PR'CNT 

CTR2 



START OF WORST CASE CORE PROORAN-INITRIZE 



STORE I8N0RE INTERRUPTS CCLJ .II 
IN ALL THE INTERRUPT LOCATIONS 



P6EUD0-PR00RAM COUNTER INDBK- 

NO, Of LOCATIONS TO BE USED IN TEST 

COMPUTE AND STORE OUTPUT COMMAND 

store TRANSFER VECTOR TO CLEAR LOCKOUT 

STORE INTERRUPT INSTRUCTION 
RfcSTORfe COUftTEKS 



•E 3/22/65. TIME U/OJ/'l A.M. 

■JEC~ NQ ; 540053 P^OGRAMMf t.E O.HARE 



SI 

52 



PACE ^ 



'APE NUMBER 345066 



i 



00130 
00131 
00132 
00133 
00134 
00135 
00136 
00137 
00140 
00141 
00142 
00143 
00144 



32 

37 
32 
20 
01 
32 
12 
20 
01 
32 
12 
20 
01 



34* 
331 
321 
134 
331 
333 
340 
140 
331 
333 
341 
144 
331 



TEST* 



TEST X-PART OF HATRIX! 8I T S 00-05 
DETERMINE MHETHEH A *0 0« '0 SHOULD BE 

STORED IN THE LOC, NOW BEjNfi CONSIDERED 

THE ALGORITHM BY HHICH THIS 1$ DONE 
IS BRIEFLY DESCRIBED BY THE REMARKS 
THAT FOLLOW 



OR 7 



NOHEN 


CLATURE 






X ■ 


0. 1, 2 


i 3. 4, 




Y • 


0, 1. 2 


. OR 3 




r • 


FOUR OR 


FIVE 




s • 


SIX OR 


SEVEN 




ODD 


♦ ODD 


- EVEN 




ODD 


• EVFN 


a ODD 



EVEN ♦ EVEN a EVEN 

IF A L3CA'!0S IS EVEN IN THE SENSE USED BfcLON AND JND « 0. 
ALL ONES MILL BE STOREO IN THE LOCATION, 

IF A LOC* T IOM IS ODD Is THE SENSE USED BELO* AND IND ■ Oi 
ALL ZEROS WUL BE STORED IN 'HE LOCATION, 

IF J«D !5 *P* ZERO, THE REVERSE Or THE ABOVE IS TRUE 



ENL 002090 
>TL CHKLUC 
ENL IND 
2JP L*2 
DCR CHKLOC 
ENl PSEUOP 
AND 000010 
ZJP L*2 
DCR CHKLOC 
ENL PSEUu e 
AND C00020 
ZJP L*2 
DCR CHKLOC 



IE 3/22/65 : TIME 11/03/25 A.M. 
OjEC* NO. 5i0053 PHOGRAHHER E E O.HARE 
121 
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TAPE NUMBER 345066 





122 










123 










124 


00145 


32 333 


EML PSEUOP 




125 


00146 


12 337 


AMD 000004 




126 


00147 


20 150 


ZJP 1*2 




127 


00150 


24 154 


JMP TESTY 




130 


00151 


32 333 


EML PSEUOP 




131 


0U152 


12 336 


AND 000002 




132 


00153 


20 154 


ZJP TESTY 




133 


0&154 


01 331 


OCR CHKLOC 




134 










135 










136 








1 










1 

CJ1 











XXOX, XX3X, XX4X. AND XX7X ARE EVEN 
XXIX, XX2X> XX5X, AND XX6X ARE ODD 



XXXO. XXXI, XXX4. XXX5, XXX6. AND XXX7 ARE EVEN 
XXX2 AND XXX3 ARE ODD 



DATE 3/22/65. TIME 11/03/27 A.H, 
PROJECT NO. 530053 PROGRAMMER E.fc. O.MARc 
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**?& NUMBER 345066 



i 



137 










fcJE 




140 


03155 


32 





333 


'SSTY EN',. 


PSEUU? 


141 


0-.15S 


12 





343 


ANi; 


D0010-: 


14? 


03157 


23 





16.' 


iJ* 


nr-raiD 


14J 


00163 


32 


3 


33J 


fc*t 


P3tUU J 


144 


OOlil 


12 





34i? 


AND 


03020.1 


145 


00162 


20 





163 


/JP 


L*2 


146 


316} 


01 





331 


DCrt 


cwklu:. 


147 


00164 


32 





333 


ENl 


°>fcuy»- 


150 


00165 


12 





344 


AND 


OHOO" 


1S1 


00166 


20 





167 


ZJR 


L»2 


152 


00167 


01 





331 


OCR 


CHKLUC 


153 


00170 


32 





333 


N0TBT8 ENL 


PSEUQP 


154 


00171 


12 





345 


AND 


002003 


155 


00172 


20 





173 


UP 


DONE 


15* 


00173 


01 





331 


DCR 


CHKLOC 


157 














1*0 














1*1 














1*2 














1*3 














1*4 














1*5 














1*6 














1*7 















TEST Y-PART OF MATRIXI BITS 0*-ll 



orxx, iyxx, 4yxx, and svxx are even 

2fXX, 3TXX, 6fXX. AN3 7fXX ARE ODD 

orxx, isxx, 2sxx, sfxx, 4fxx 

5SXX, 6SXX. AND 7FXX ARE EVEN 

OSXX, 1FXX, 2FXX. 3SXX. 4SXX, 

5FXX, *FXX, AND 7SXX ARE ODD 
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Tape number 349066 



170 










fcJE 




171 


00174 


32 


335 


DONE 


ENL 


ZERO 


172 


00175 


01 


331 




OCR 


CMKLOC 


173 


00176 


21 


177 




EJP 


L*2 


174 


00177 


32 


346 




ENL 


MZERO 


175 


00200 


37 


1 333 




SU 


PSEUDP.l 


176 


00201 




00000 


TVECTR 


OCT 


• • 


177 


00202 


01 


333 




UCR 


pseudp 


200 


00203 


01 


332 




OCR 


COUNT 


201 


00204 


20 


205 




ZJP 


L*2 


202 


00205 


24 


127 




JMP 


TESTX 


203 


00206 


32 


355 




ENL 


CONJHP 


204 


00207 


37 


201 




STL 


TVECTR 



STORE WORST CASE CORE PATTERN 
TESTING OF LOCATION IS DONE 

STORE *0 OR -0 IN THE LOCATION BEING 
TESTED AS DETERMINED BV THE TESTX AND 
TESTY ROUTINES 

IF ALL LOCS HAVE BEEN TESTED. 00 TO CONTIN 
If NOT, COME HERE AND OCR PSEUDO-P INDEX 
DECREMENT COUNT 

TEST NEXT LOCATION 

REPLACE TRANSFER VECTOR «ITH CONTINUE JUMP 



01 



DATE 3/22/65. TINE 11/03/32 A.M. 
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TAPE NUMBER 345066 



en 
i 

OD 



205 












fcJE 




206 


00210 


32 





322 


CHECK 


ENL 


M1ADH 


207 


00211 


37 





333 




STL 


PS6UUP 


210 


00212 


11 





323 




SUB 


LOADR 


211 


00213 


10 





366 




ADD 


1) 


212 


00214 


37 





332 




STL 


COUNT 


213 
















214 


00215 


32 


1 


333 


CHKLOP 


bNL 


PSEUDP.I 


215 


00216 


20 





223 




UP 


CONTIN 


216 


00217 


36 





237 




RJP 


PRTERR 


217 


00220 


01 





327 




OCR 


CTR2 


220 


00221 


27 





127 




PJP 


TESTX 


221 


00222 


00 





002 




STP 


2 


222 


00223 


24 





101 




JMP 


MCCORE 


223 
















224 


00224 


01 





333 


CONTIN 


OCR 


PSEUDP 


225 


00225 


01 





332 




OCR 


COUNT 


226 


00226 


20 





227 




ZJP 


CHKCYL 


227 


00227 


24 





214 




JMP 


CHKLOP 


230 
















231 


00230 


32 





326 


CHKCYL 


ENL 


CTR1 


232 


00231 


20 





233 




ZJP 


CINFIT 


233 


00232 


01 





326 




OCR 


CTRi 


234 


00233 


24 





207 




JMP 


CHECK 


235 
















236 


00234 


27 





207 


CJNFIT 


PJP 


CHECK 


237 


00235 


00 





001 




STP 


1 


240 


00236 


24 





101 




JMP 


MCCORE 



CHECK WORST CASE CORE PATTERN 
INITIALIZE PSEUDO-PROGRAM COUNTER INDEX 

INITIALIZE NO : OF LOCATIONS COUNT 

CHECK LOCATION 

LOCATION IN ERROR. NOT «9 OR -6 

DECREMENT PRINT COUNT 

RESTORE THIS LOCATION PROPERLY 

LINES PRINTED HAVE EXCEEDED LINIT -'-STOP 

REPEAT PROGRAM 

DECREMENT PSEUDO-P INDEX 
DECREMENT COUNT INDEX 

CHECK NEXT LOCATION 

BRING NUMBER OF CYCLES YET TO BE DONE 

DECREMENT NUMBER OF CYCLES 
BEGIN ANOTHER SERIES OF CHECKS 

♦0. CHECK CORE INFINITELY 
-•• TEST COMPLETED-— STOP 
REPEAT PROGRAM 



DATE 3/22/65. TIME U/Qi/35 A..H K 
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PAGE 





241 










EJE 






242 


00237 




0001)0 


PRTERR : , - 






243 


00240 


32 





364 


J ENL 


12) 




244 


00241 


37 





330 


STL 


CNT 




245 


00242 


32 





353 


ENL 


ASRON 




246 


00243 


36 





313 


10WCC HJP 


OUT 




247 


00244 


01 





330 


DCR 


CNT 




250 


00245 


27 





2*2 


PJP 


10WCC 




251 


00246 


32 





350 


ENL 


CH 




252 


00247 


36 





3li 


KJP 


0U T 




253 


00250 


32 





347 


ENL 


ir 




254 


00251 


36 





313 


KJP 


CUT 




255 


00252 


32 





Zii 


ENL 


PSEUDP 




256 


00253 


36 





267 


HJP 


UNPACK 




257 


00254 


32 





363 


J ENL 


3) 




260 


00255 


37 





330 


STL 


CNT 


d 


261 


00256 


32 





351 


ENL 


SPACE 


CD 


262 


00257 


36 





313 


20WCC RJP 


OUT 




263 


00260 


01 





330 


DCR 


CNT 




264 


00261 


27 





256 


PJP 


20WCC 




265 


00262 


32 


1 


333 


ENL 


PSEUOP.I 




266 


00263 


36 





267 


RJP 


UNPACK 




267 


00264 


32 





352 


ENL 


ASROFF 




270 


00265 


36 





313 


HJP 


OUT 




271 


00266 


24 


1 


237 


HTN 





PRINT THE ERROR 

NUMBER Of TURN ON CHARS TO OUTPUT 
TURN ON ASR SET IN PRESCRIBED MANNER 

PRINT A CARRIAGE KETURN 

PRINT A LINE FEED 

UNPACK AND PRINT LOCATION WHICH IS IN ERR 

PRINT THREE SPACES 

UNPACK AND PRINT CONTENTS OF LOCATION 
TURN OFF ASR SET 



DATE 3/22/65. TIME 11/03/36 A.M. 
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TAPE NUMBER 445066 



en 
I 



272 












bJE 




273 


00267 




00000 


UNPACK 


tit 




274 












RHf 


4 


275 


00270 


14 





101 




LiH 


ACC 


276 


00274 


37 





334 




STL 


TEHP1 


277 


00275 


32 





362 


J 


fc"L 


5) 


300 


00276 


37 





330 




STL 


CUT 


301 


00277 


32 





361 


J 


BENL 


140) 


302 


00300 


24 





301 




JHP 


40NCC 


303 


00301 


32 





360 


JJOMCC 


SfcNL 


340) 


304 










♦owee 


HP> 


3 


305 


00302 


14 





334 




LSM 


TEMPI 


306 


00305 


12 





334 




AND 


TEMPI 


307 


00306 


10 





357 


J 


8A0D 


13000) 


310 


00307 


36 





313 




HJP 


OUT 


311 


00310 


01 





340 




OCR 


CMT 


312 


00311 


27 





300 




PJP 


30MCC 


313 


00312 


24 


1 


26/ 




HTN 




314 
















315 


00313 




00000 


OUT 


• It 




316 


00314 


34 





000 


OUTCOM 


OUT 


• • 


317 


00315 


01 





000 




OCR 


PC 


320 


00316 


24 


1 


313 


INTRTN 


NTN 





UNPACK THE NUMBER AND OUTPUT 



SHIFT NUMBER INTO CORRECT INITIAL POSITION 



SET DIBIT COUNT 

FIRST DIBIT IS EITHER O-I 
OTHER DIBITS ARE 0-7 



BET DIBIT FROM NUMBER, |N CORRECT POSITION 
FQRH CORRESPONDING ASR OUTPUT CODE 
PRINT DIBIT 
DECREMENT DIGIT COUNT 
BET NEXT DIGIT 



OUTPUT CHARACTER 
WAIT FOR INTERRUPT 
INTERRUPT RETURN 



DA*fc 3/22/6?. 'IMS ll/0i/41 A.M, 
PROJECT ND. 5300SJ PRuCKAMMfc- £.E. 0,HAHt 



PACE 9 
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321 








EJfc 






322 










the fol 




323 


00317 


00001 


ASRCHA 


oc- 


ASROCH 




324 


00320 


00011 


I'MTlCC 


oc- 


ASROLO 




3i?S 


00321 


ooooo 


ND 


OCT 


patype 




326 


00322 


3/ c »"" 


*'. ADR 


OCT 


HUDHS 




327 


0U323 


0C3"1 


•-OADrt 


oc- 


END 




330 


00324 


ooooo 


NOCYCL 


OC" 


TIMES 




331 


00325 


01750 


HHTCNT 


OCT 


NOLINE 




332 














333 


00326 


ooooo 


CTkl 


OCT 






334 


00327 


ooooo 


CTR2 


OCT 






335 


00330 


ooooo 


CNT 


OCT 






336 


00331 


ooooo 


CHKLUC 


OCT 






337 


00332 


ooooo 


COUNT 


OCT 




en 


340 


00333 


ooooo 


PSEUDP 


OCT 




1 


3«1 


00334 


ooooo 


TEMPI 


OCT 




H» 


342 


00335 


ooooo 


ZEBU 


OCT 






343 


00336 


00002 


000002 


OCT 


2 




344 


00337 


00004 


000004 


OCT 


4 




345 


00340 


0001U 


O00010 


OCT 


10 




346 


00341 


00020 


000020 


OCT 


20 




347 


00342 


00200 


000200 


OCT 


200 




350 


00343 


00400 


000400 


OCT 


400 




351 


00344 


01000 


001000 


OCT 


1000 




352 


00345 


02000 


002000 


OCT 


2000 




353 


00346 


37777 


MZEHO 


OCT 


-0 




354 


00347 


10500 


LF 


OCT 


21200/2 




355 


00350 


10640 


CR 


OCT 


21500/2 




356 


00351 


12000 


SPACb 


OCT 


24000/2 




357 


00352 


17741 


asroff 


OCT 


17741 




360 


00353 


37740 


ASHON 


OCT 


37740 




361 


00354 


23 201 


CLKOUT 


CLJ 


TVECTRU 




362 


00355 


23 223 


CONJMP 


CLJ 


CONTIN 




363 


00356 


23 31? 


INTINS 


CLJ 


INTRTN 




364 


00357 

00360 

00361 
00362 


13000 
0034U 
00140 
00005 




SEN 
MKO 
MHO 
WMQ 

MHO 





CONSTANTS AND OATA 
THE FOLLOWING MAY BE MADE PROGRAM INPUTS' 

ASR OUTPUT CHANNEL NUMBER 

ASR INTERRUPT LOCATION 

COMPLEMENT INDICATOR 

HIGHEST CORE ADDRESS TO BE CHECKED 

LOWEST CORE ADDRfcSS TO BE CHECKED 

NO OF TEST CYCLES REOUESTEDl »0«|Nr|NITE 

PRINT COUNTER, MAXIMUM NO. Or LINES 



DATE 3/22/65, IME U'O.S/45 A,H ; p AG g 10 

PROJECT NO. SiOObS PROGHAKHEH £ : b. O.HARE 1APE NUHBEK 345066 



en 
i 



to 



00363 


OOUUi 


MHQ 


00364 


00014 


NKD 


00365 


34000 


hHU 


00366 


00001 


HKD 


00367 


23400 


MKl) 


00370 


00100 


MHD 



DATE J/22/65. TIME 11/03/46 A.H. PACE 11 

PROJECT NO. 9300*4 PROGRAMMER E.fc. O.MARE TAPE NUMBER 149066 

965 0037X END S*N L MRS' LOCATION AVAILABLE FOR TESTING 

366 00000 END 



en 
i 



co 



en 



DATE 3/22/63. TIME 11/03/47 A.M. P*6E 12 

PROJECT NO. 3JO03J PR0GRAMN£H E.E. O.MAHE I **>= HjMdEK 345066 

STARTED J722/65* 11/02/00 A.M. 
COMPLETED 1/22/65.11/03/4; A.M. 
NUMBER OT INPUT RECORDS 246 
NUMBER Or OUTPUT RECORDS 256. 
NUMBER Or BINARY RECORDS 186. 



ADDER TEST (D12A) 
I. Purpose of Test 

To thoroughly test the adder by performing the following eight additions: 

1. 00000 + 37776 = 37776 

2. 00001 + 37777 = 00001 

3. 37775 + 00000 = 37775 

4. 37777 + 00002 = 00002 

5. 12525 + 12525 = 25252 

6. 25252 + 25252 = 12525 

7. 00002 + 00001 = 00003 

8. 37776+ 37775= 37774 

II. Description of Test 

This test continuously performs the eight additions listed above and checks the 
sums. 

III. Description of Operation 

A. Read in the binary tape of the Adder test using the bootstrapped binary loader. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the 
binary loader (X7602); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Place the binary tape under the tape reader. 

5. Turn the reader on. 

6. Depress the Start button. 

7. After the tape has read in, the machine will transfer to the starting lo- 
cation of the test and begin. 

B. The test runs continuously unless an error occurs. 

C. When an error is encountered, the machine stops with the S- Register (bits 
7-0) set as follows: 

S-Register Description 

1 00000 + 37776 = 37776 

2 00001 + 37777 = 00001 

3 37775 + 00000 = 37775 

4 37777 + 00002 = 00002 

5 12525 + 12525 = 25252 

6 25252 + 25252 = 12525 

7 00002 + 00001 = 00003 
10 37776 + 37775 = 37774 

IV. Storage 

Number of locations used: 103g (1001-1103) 



6-1 



DATE 3/22/65. TIME 11/11/44 A ; H ; 



PACE 



PROJECT 



01 
i 

00 



0. 540053 PROGRAMMER L.M, MAYS 



TAPE NUMBER 345077 
ADDER TEST 

















PROGRAM LItRARV 
















PROGRAM HOt P°5 








01001 




ORG 


513 




01001 


32 





074 


START 


ENL 


ONEONE 




01002 


10 





075 




ADD 


ONETNQ 




01003 


13 





075 




EOR 


ONETMO 




01004 


27 





005 




PJP 


L*2 




01005 


24 





004 




JMP 


L^2 




01006 


20 





007 




ZJP 


2NDSUM 




01007 


00 





001 




STP 


1 




01010 


32 





076 


2NDSUM 


ENL 


TMOONE 


20 


01011 


10 





077 




AOD 


TWOTMO 


21 


01012 


13 





076 




EOR 


TMOONE 


22 


01013 


27 





014 




PJP 


L*2 


23 


01014 


24 





015 




JMP 


L*2 


24 


01015 


20 





016 




2JP 


3RDSUM 


25 


01016 


00 





002 




STP 


2 


26 


01017 


32 





100 


JRDSUH 


ENL 


30NE 


27 


01020 


10 





074 




ADD 


3TH0 




01021 


13 





100 




EOR 


30NE 




01022 


27 





023 




PJP 


L«2 




01023 


24 





024 




JNP 


L»2 




01024 


20 





025 




2JP 


4THSUH 




01025 


00 





OOi 




STP 


3 




01026 


32 





077 


4TMSUM 


ENL 


40NE 




01027 


ie 





101 




ADD 


4TH0 




01030 


13 





101 




EOR 


4TM0 




01031 


27 





032 




PJP 


L»2 




01032 


24 





033 




JNP 


L*2 




01033 


20 





034 




ZJP 


5THSUM 




01034 


00 





004 




STP 


4 
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DATE 3/22/65. TIME 11/11/51 »,H, 
PROJECT NO, 530053 PROGRAMMER L t M t MAYS 



PAGE 



TAPE NUMBER 345077 



i 

03 



44 










EJE 




45 


01035 


32 





102 


5THSUM ENL 


50NE 


46 


01036 


10 





102 


ADD 


5TW0 


47 


01037 


13 





103 


EOR 


DONE 


50 


01040 


27 





041 


PJP 


1*2 


51 


01041 


24 





042 


JMP 


L*2 


52 


01042 


20 





043 


ZJP 


6THSUM 


53 


01043 


00 





005 


STP 


5 


54 


01044 


32 





103 


6THSUM ENL 


60NE 


95 


01045 


10 





103 


ADD 


6TW0 


56 


01046 


13 





102 


EOR 


50NE 


57 


01047 


27 





050 


PJP 


L*2 


60 


01050 


24 





051 


JMP 


1*2 


61 


01051 


20 





052 


ZJP 


7THSUM 


62 


01052 


00 





006 


STP 


6 


63 


01053 


32 





101 


7THSUM ENL 


70NE 


64 


01054 


10 





076 


ADD 


7TH0 


65 


01055 


13 





072 


EOR 


03 


66 


01056 


27 





057 


PJP 


L*2 


67 


01057 


24 





060 


JMP 


L*2 


70 


01060 


20 





061 


ZJP 


BTHSUM 


71 


01061 


00 





007 


STP 


7 


72 


01062 


32 





075 


8THSUM ENL 


80NE 


73 


01063 


10 





100 


ADD 


8TMO 


74 


01064 


13 





073 


EOR 


037774 


75 


01065 


27 





066 


PJP 


L*2 


76 


01066 


24 





067 


JMP 


L»2 


77 


01067 


20 





000 


ZJP 


START 


100 


01070 


00 





010 


STP 


6 


101 


01071 


24 





000 


JMP 


START 
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PBOJKT NO, 530Q5J PROGRAMMER L.H. HAYS 
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TAPE NUMBER 3*5077 





102 








EJE 






103 


01072 


00003 


03 


DEC 


3 




104 


01073 


37774 


037774 


OCT 


37774 




10)5 


01074 


00000 


ONEONE 


OCT 







104 


01075 


37776 


ONETHO 


OCT 


37776 




107 


01070 


00001 


TMOONE 


OCT 


1 




HO 


01077 


37777 


TMOTUO 


OCT 


37777 




in 


01100 


37775 


30NE 


OCT 


37775 




112 




01074 


3TH0 


SYN 


ONEONE 




119 




01077 


40NE 


SYN 


TNOTNO 




114 


01101 


00002 


4TM0 


OCT 


2 




119 


01102 


12525 


50NE 


OCT 


12525 




HO 




01102 


5TH0 


SYN 


OONE 




117 


01103 


05252 


60NE 


OCT 


25252 




110) 




01103 


6TN0 


SYN 


OONE 




in 




01101 


70NE 


SYN 


4TM0 




Of 




01076 


7TW0 


SYN 


TMOONE 




m 




01075 


OONE 


SYN 


ONETHO 


Oi 


114 




01100 


OTHO 


SYN 


90NE 


»*». 


tm 




01001 




END 


START 



I 
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BATE 1/22/65, TIME 11/11/56 A.M, PACE 4 

PROJECT NO. 9.30053 PROGRAMMER L.M. MAYS TAPE NUMBEtt J45077 

STARTED 3/22/6S. 11/11/00 A.M. 
COMPLETED J/22/65. 11/11/36 A.N. 
NUMBER OF INPUT RECORDS 85. 
NUMBER OF OUTWIT RECORDS 85. 
NUMBER OF BINARY RECORDS 7t. 



735 SELECTRIC TYPEWRITER TEST (D13A) 

1. Purpose of Test 

To verify the proper operation of the 735 Selectric logging typewriter. 

II. Description of Test 

The program prints a set of characters twice per line on the 735 Selectric type- 
writer. This set includes all the alphanumeric and special chara'cters, A sample 
printout of one half of a line follows: 

ABCDEFGHIJKLMNOPQRSTUVWXYZ 1234567890-, /. = '.';*)(+£ :°?±_#$@%&" 

The 735 typewriter is placed in the lower case mode at the beginning and at the 
end of each half line. The number of lines printed may be varied from one to 
8191 lines. 

All interrupts are ignored except the one corresponding to the 735 typewriter 
which is being tested. The interrupt location and the channel number of the 735 
typewriter must be changed to correspond to the existing hardware setup. 

III. Description of Operation 

A. Read in the binary tape of the 735 Selectric Typewriter test using the boot- 
strapped binary loader. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the 
binary loader (X7602); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Place the binary tape under the tape reader. 

5. Turn the reader on. 

6. Depress the Start button. 



B. Enter the test parameters 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the S-Register with the parameter location. 

3. Using the probe, load the X-Register with the parameter constant; 
depress the Start button. 

4. Repeat 2 and 3 until all the following parameters have been entered. 



Location 

152 8 
153 8 
154 8 

C. Start the test 



735CHA 
INTL0C 
NUMLIN 



Preset 

53 8 

13 8 

100 10 



Description 

735 output channel number 
735 interrupt location 
Number of lines to be printed 



1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the 
test (101 8 ); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Depress the Start button. 
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D. The program will print the number of lines designated by NUMLIM and then 
stop with the S- Register (bits 7-0) containing a one. 

E. Proper operation is verified by visual inspection of the 735 printout with the 
sample printout given above. 

F. The program may be restarted by depressing the Start button. 
IV. Storage 

Number of locations used: 166g(102 8 - 2673) 
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DAff 4'«?/65 TIMg 6>5?'23 A.H. 

W»OJt}CT MO. 530053 PROGRAMMER E.E. 3. HA*: 



P*3E 1 



-a 

i 

CO 



2 








3 








* 








5 








6 








7 








10 








11 






00053 


12 






00013 


IS 






00144 


14 








19 








16 






00102 


17 


00102 


32 


267 


20 


00103 


37 


155 


21 


00104 


32 


266 


22 


00105 


37 


1 155 


23 


00106 


01 


155 


24 


00107 


27 


104 


29 


00110 


32 


152 


26 


00111 


10 


265 


27 


00112 


37 


140 


so 


00113 


37 


115 


Si 


00114 


32 


164 


32 


00115 


34 


000 


33 


00116 


32 


160 


34 


00117 


37 


157 


39 


00120 


01 


3 137 


36 


00121 


27 


11' 


37 


00122 


32 


163 


40 


00123 


3? 


1 153 


41 


00124 


32 


15« 


42 


J3125 


j; 


3 157 


41 








44 


•0126 


32 


?t>4 


ts 


00127 


37 


1 i 


46 


00158 


32 


?<>J 


47 


0J1 U 


23 


3 1" 


SO 


001V 


12 


D 1,. 



T*3£ .UMBER 535441 

M5 SELECTRIC TYPEWRITER TEST 

PHOGRAH LIBRARY 
PROGRAM NO. D13A 



THE FOLLOWING ARE PROGRAM PARAMETERS! 
7350CH8E0U 53 735 OUTPUT CHANNEL 

735IRT8E0U 13 735 INTERRUPT LOCATION 

TIHES EOU 100 NUMBER OF LINES TO BE PRINTED 



10TT 



ORG 


ACC*1 


8ENL 


100) 


STL 


chr:nt 


BENL 


23403) 


STL 


CHRCNT. I 


OCR 


chrcnt 


PJP 


10TT 


ENL 


735CHA 


SADD 


340001 


STL 


OJTCO-1 


STL 


L»? 


ENl 


LDWfcRC 


OUT 


* » 


ENL 


l = LAY 


sr._ 


_ ,\t : ' 


0:=. 


. :mi : 


? ■> 


*• " * 


E'., 


i iriN> 


S'. 


. "» -L "I . ' 


fc*L 


N'-H w IN 


S*L 


u '■;." 



WART 
.-OOP ENL J. 



TYPE THE ENTIRE SET OF CHARS TNICE/LINE 



STORE IGNORE INTERRUPT ICLJ .1) IN ALL 
THE INTERRUPT LOCATIONS 



STORE "ROPea CHANNEl IN OUTPlT COMMAND 
PUT Tv? ? aejr;H IN LONER CASE 

DELAY »' .EAST 60 M ILL I SfcC0«o3 

UNT;: LQH[-- CASE IS OUTP. * 
REASON. «.j In'L^R^'t .- tT i ., |« t ,jn;;) CA*f 

S T 09E . V( T £ r* »< l » r I N i '*„cr |> 

S-T M.».,*.- SJ.NBt ' .f Ll*fcS '3 B? TYPED 

=,;0 i „. _)f •' :ElL.-./L«*E 12 s US CR FI£^0» 
OOlPU* -.ANH !»:■«• n? TnHM '». S T *«»T 



DATE 4/B4/65. TIME 6/97/39 A.M. 
PftOJECT MO. 530053 PROGRAMMER E.E. O.HARE 



PA8E 2 



TAPE NUMBER 535441 



i 



51 


00133 


37 


155 




STL 


CHRCNT 


52 


00134 


32 


162 




ENL 


ENLTA8 


53 


00135 


37 


136 




STL 


BRINGC 


54 


00136 




00000 


8RINQC 


OCT 


• • 


55 


00137 


01 


136 




DCR 


BRINGC -- 


54 


00140 


34 


000 


OUTCOM 


OUT 


• • 


57 


00141 


01 


000 




DCR 


PC 


to 


00142 


01 


155 


INTRTN 


DCR 


CHRCNT 


61 


00143 


27 


135 




PJP 


BRINGC 


62 


00144 


01 


156 




DCR 


PIELD 


63 


00145 


27 


131 




PJP 


NFIELD 


64 


00146 


01 


157 




DCR 


LINECT 


65 


00147 


27 


125 




PJP 


LOOP 


66 


00150 


00 


001 




STP 


1 


67 
70 
71 


00151 


24 


123 




JMP 


START 
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THE FOLLOWING M 


73 


00152 




00053 


735CMA 


OCT 


7350CH 


74 


00153 




00013 


INTLOC 


OCT 


735IRT 


75 
76 
77 


00154 




00144 


NUMLIN 


OCT 


TIMES 


00155 




37777 


CHRCNT 


OCT 


m 


160 


00156 




37777 


FIELD 


OCT 


m 


161 


00157 




37777 


LINECT 


OCT 


m 


162 


00160 




07640 


DELAY 


DEC 


4000 


its 


00161 




00077 


NOCHRS 


OCT 


STRTAB-ENDTAB*! 


114 


• 0162 


32 


262 


EMLTAB 


ENL 


STRTAB 


its 


00163 


13 


141 


INTINS 


CLJ 


INTRTN 



STORE NO. OF CHARACTERS TO OUTPUT IN FIELD 

STORE CHARACTER BRING INSTRUCTION 

BRING A CHARACTER 

DECREMENT CHARACTER BRING INSTRUCTION 

OUTPUT CHARACTER 

MA IT FOR THE INTERRUPT 

SET NEXT CHARACTER 

FIELD FINISHED. BET NEXT FIELD 

PRINT NEXT LINE 

NO. OF LINES REQUESTED HAVE BEEN PRINTED 



735 OUTPUT CHANNEL 

735 INTERRUPT LOCATION 

NO. OF LINES TO PRINT) IF ZERO RUN ALWAYS 



DATE 4/«/»$, TIME 6/57/42 A.M. 
PROJECT NO. 530053 PROGRAMMER E.E. O.MARE 
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TAPE NUMBER 535441 
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735 VFD 


6.5.3 
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00164 
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HI 
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LOMERC 735 
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00166 
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735 
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735 
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35400 


735 


59,. 


US 


00173 


00200 


735 


.16. 
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37400 


735 


63,. 
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00175 


02400 


735 


5.. 


121 


0*176 


17000 


735 


30.. 


124 


00177 


06400 


735 


13,. 


in 


00200 


34000 


735 


56.. 


126 


00201 


05000 


735 


10,. 


127 


00202 


30000 


735 


48.. 


130 


00203 


32000 


735 


52., 


131 


00304 


34400 


735 


57.. 


112 


00205 


00020 


735 


.2. 


133 


00206 


06400 


735 


13,. 


134 


00207 


17000 


735 


30.. 


139 


00210 


16000 


735 


28.. 


136 


00211 


09000 


735 


10.. 
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00212 


15000 


735 


26.. 


149 


0*213 


02400 


735 


5.. 


141 


00214 


04400 


735 


9.. 


142 


00215 


00200 


735 


.16. 


143 


01216 


32000 


735 


52.. 


144 


00217 


30000 


735 


48.. 


149 


00220 


34400 


735 


57.. 


144 


•0221 


36400 
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34000 
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56. . 
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36000 
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32400 
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35400 
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35f»00 
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5 P. . 
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73 . 


s 


H« 


*.<?«-) 
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TABLE Or C0DE6 TOR THE 735 SELECTRtC 



LOWER CASE 
OUOTES 
AMPERSAND 
X 

s 

* 

UNDER LINE 

PLUS OR MINUS 

? 

DEGREE SIGN 

t 

CENT SIGN 

♦ 

( 

) 

• 

U.C. 

I 
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/ 

> 

m 
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• 
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6 
5 
4 
3 
2 
1 
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M. c 4709/65. TINE 6/57/46 A.M. 

RRQJ6CT MO. 530053 PR06RAMH6R E.fc. O.MARg TAPE NUMBER 535441 

3 

3 

3 

3 

35 

3 

3 

3 

35 

3 

3 

3' 

3 

3 

3 

3 

3 

3' 

3 

3 

3 

3 

3 

3 

3 

3 
STRTAO EOU 
CR 73 

RD 

iRl 

|R: 
MRl 
EN 



RACE 4 
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W7 
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02000 


1M 


00233 
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00234 


10000 


1*2 


00235 


15400 


1*3 


00236 
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00237 


27000 
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00240 


12000 


1*6 


00241 


16400 
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00242 


04000 


170 


00243 


06000 


171 


00244 


12400 


ITS 


22245 


25000 


171 


00246 


17400 


174 


01247 


22400 


179 


00250 


24000 


174 


00251 


07000 


177 


00252 


14000 


200 


00253 


22000 


Ml 


00254 


07400 


208 


0*255 


05400 


203 


02256 


26000 


204 


00257 


26400 


299 


0*2*0 


24400 


21* 


02261 


20000 


2*7 


002*2 


14400 


210 




00262 


211 


0*2*3 


00040 




0*2*4 


00003 




022*5 


34000 




0*2*6 


23400 




02*67 


00100 


21t 




00020 



32 
2 



CARRIA6E RETURN 
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I 
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OATE 4/©f/45. THE 6/57/50 A.M. PAOE 5 

PROJECT NO. 53*053 PROGRAMMER E E. O.HARE TAPE NUMBER 535441 

STARTED 5/04/64. 6/57/00 A.M. 
COMPLETED 5/04/64. 6/57/49 A.M. 
NUMBER OF INPUT RECORDS 138. 
NUMBER OF OUTPUT RECORDS 142. 
NUMBER OF BINARY RECORDS 121. 



EXTENDED CORE MEMORY TEST 

P50 COMPUTER D14A 

I. PURPOSE OF TEST 

To extensively read and write into extended cure and to check for crosstalk interfer- 
ence. 

n. DESCRIPTION OF TEST 

The test program reads and writes into extended core locations HIADR (highest 
address) through L0ADR (lowest address) inclusive. 

The test consists of three parts. In the first part, each extended core location is 
written and read individually, starting with location HIADR. The pattern is as 
follows: 37777 (all ones) is written into HIADR, then HIADR is read and the value 



checked, then 00000„ (all zeros) is written and read, then 2r>2o2j., and finally 
12525 H • Following this, location HIADR-1 is written and read in the same ma 
and then the remaining extended core locations, down to LlftADR. 



The second part is executed after the first. In (his section .ill extended cove locations 
are written with an alternating pattern; then all the locutions :> -v read mil checked. 
The pattern is as follows: 37777 g , 00000 8 , 37777^, OOOOOg, ... i-> stored in loca- 
tions HIADR through LOADR, then the locations are read and checked, .'Men 00000^. 
37777g, 00000 8 , 37777 g . . . is stored and checked; then 25252 K , 12525... 25252 H , 
12525 8 , and finally 12525 8 , 25252^, 12525 H , 25252 s 

In the third part, two location counters are initialized: C2 to HIADR. ^0 to LOADR 
(or one, if LOADR is zero). Positive zero is output to the cvtcnd»V i-'i'c location 
whose address is contained in C2; negative zero is output to location <_■:. Both loca- 
tions are then read and their contents verified. The address in ("2 is decremented; 
the address in C.I is incremented. The test recvcles. using ;'.< ;ie*\ .iiMrcss until 
address C3 contains HIADR+1. 

After part three is executed, the test decrements a N'TIMFS c>unter. If the counter 
is positive or if it is set so the test runs indefinitely, parts one, two, and three arc 
again executed. If the test is set to run a fixed nuinher of cycles, the computer will 
stop when the cycle counter is zero. 

If an error occurs during the first or third parts, the location in error :ind the cor- 
rect pattern are printed on the programmer's console ASR set. If an error occurs 
during the second part, the patiern (the \.iiue stored in IIIADR) is printer! The com- 
puter stops after the error printout. 

All interrupts arc: ignored except the one corresponding to the ASR typewriter. 
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in. OPERATION OF TEST 

A. Read in the binary tape of the Extended Core Memory Test using the boot- 
strapped binary loader. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the binary 
loader (7602h, 17002h, 27602g, or 37602 8 ); depress the Start Button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Place the binary tape under the tape reader; turn the reader on. 
r>. Depress the Start button. 

B. Enter the test parameters. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the S-Register with the parameter location. 

3. Using the probe, load the X-Register with the parameter constant; depress 
the Start button. 

1. Repeat Steps 2 and :J until all the following parameters have been entered; 



Locution 




■ ;-,7U 


ADRCH 


(i.">7."i s 


rSuTCii 


<;."r, iS 


INTC11 


(i"»77 s 


ASROC 


(i<;oo h 


INTLVk 


uuol 8 


1IIADR 


(KilH* 


L0ADR 



(i()0:5 



'8 



Preset 



00011 



00000 
N TIMES 1)0000 



Description 



oou70 s Ext. (ore address select channel 

i'Oi)77 s Fxt. Core output channel 

()(i002 s( Ext. Core input channel 

0001 r> s ASR output channel 



ASR output interrupt location 



37777 y Highest Ext. Core loc. to test 



Lowest Ext. Core loc. to test 
No. of cycles (+0 for infinite no. ) 



C. Start the test 

1. Put machine in WRTTE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the test 
((J: , .77^L depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 
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4. Depress the Start button. 

D. Errors 

1. If an error occurs during part one, a message of the form below will be 
printed on the ASR set: 

El Pxxxxx Lyyyyy 

where "xxxxx" is the correct pattern (37777, 00000, 25252, or 12525) and 
"yyyyy" is the location in error. This location in extended core can then be 
examined to determine the exact error. 

2. If an error occurs during part two, a message of the form below will be 
printed on the ASR set: 

E2 Pxxxxx 

where "xxxxx" is the pattern stored in location HIADR. The extended core 
S-Register will contain the address minus one (1) of the last location read. 

3. If an error occurs during part three, the message is as follows: 

E3 Pxxxxx Lyyyyy 

where "xxxxx" is the correct pattern (00000, or 37777) and "yyyyy" is the 
location in error. 

4. After any of the above error printouts, the computer will stop with the 
S-Register, bits 0-7, containing 002. If the Start button on the P-50 computer 
is depressed, part one, two, or three will be restarted, depending in which 
part the last error occurred. 

E. Normal stop 

When the number of cycles, NTIMES, have been executed (NTIMES + +0), the 
computer will stop with the S-Register, bits 0-7, containing 001. The test may 
be restarted by depressing the Start button. 

IV. STORAGE 

Number of locations used: 560g (6400g-7157g). 

V. RUN TIME 

Recommended run time: 2 hours. 
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od 
i 



PAGE 1 

EXTENDED CORE MEMORY TEST 

1 EXTENDED CORE MEMORY TEST PROGRAM NO, P-50 D14A 

2 

3 THE FOLLOWING ARE PROGRAM PARAMETERS 

4 SEE LISTING. LOCATIONS 6574-6603 

5 00070 ADRCHN8EQU 70 ADDRESS OUTPUT CHANNEL OES 

6 00077 OUTCHNBEOU 77 DATA OUTPUT CHANNEL OEZ 

7 00062 INTCHN8EQU 62 DATA INPUT CHANNEL I6Z 
1° 00015 ASR0CH8EQU 15 ASR OUTPUT CHANNEL 
U 00011 ASRINT8EUU 11 ASR OUTPUT COMPLETE INTERRUPT LOCATION 

12 37777 HJADRS8EQU 37777 HIGHEST EXTENDED CORE ADDRESS TO TEST 

13 00000 LOADRS EUU LOWEST EXTENDED CORE ADDRESS TO TEST 

1 4 OUOOO TIMES EUU NO, TEST CYCLES HERO ■ INDEFINITE) 
15 
16 
17 

20 06400 80KG 6400 LOCKOUT SET 

21 06400 32 361 JP\ 

22 06401 37 204 

23 06402 32 360 J 

24 06403 37 1 204 STL II, I STORE CLJ O.I IN ALL INTERRUPT LOCATIONS 

25 06404 01 204 

26 06405 27 002 

27 06406 23 006 

30 06407 32 177 

31 06410 10 357 J 

32 064H 37 315 

33 06412 32 207 

34 U6413 37 1 200 

35 U6414 32 a 210 

36 U6«15 37 1 356 J 

37 06416 32 174 

40 16417 10 357 

41 L6*20 37 214 

42 C6«21 37 220 

43 16422 37 D 231 

44 C6423 37 3 242 

45 -6424 37 322 

46 06*25 37 326 

47 C6<26 37 335 
50 06*27 32 3 175 



80KG 


6400 


BENL 


100) 


STL 


II 


8ENL 


23400) 


STL 


11. I 


DCR 


11 


PJP 


L-2 


CLJ 


L*l 


ENL 


ASROC 


8ADD 


34000) 


STL 


OUTCUM 


ENL 


INTINS 


STL 


INTLUC, I 


fcNL 


INTADD 


8STL 


202 


ENL 


ADRCH 


8ADD 


34000) 


STL 


A01 


STL 


A02 


STL 


A03 


STL 


A04 


STL 


A05 


STL 


A06 


STL 


A37 


ENL 


OUTCH 
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EXTENDEO CORE- MEMORY TPST 



oo 
I 

05 



51 
5? 
53 
54 
55 
56 
57 
60 
61 
62 
63 
64 
65 
66 
67 
70 
71 
72 
73 
74 
75 
76 
77 

ion 

101 
102 
103 
10 4 
105 
106 
107 
HO 
111 
112 
113 
114 
115 
116 
117 
120 



-64J0 
06*31 
06M2 
C6*33 
06434 
06435 
06436 
06437 
06440 
06441 
C6442 
V6443 



06444 
6445 



06446 
06447 

0645o 
06451 

.'6452 

6453 
06454 
.6455 
-6456 
06457 
.6460 
06461 
06462 
06463 
6464 
06465 
C6466 
06467 
64 70 
06471 



10 
37 
37 
37 
37 
37 
42 
10 
37 
37 
37 
37 



32 

37 



32 

37 
32 
36 
27 
20 
24 
6? 
36 
20 
24 
27 
24 
32 
36 
13 
27 
20 
24 
62 



357 

216 
233 

235 
324 
330 
176 
355 
221 
243 
251 
336 



203 

206 



201 
205 
354 
211 
377 
054 
377 
3S3 
211 
060 
377 
062 
377 
352 
211 
351 
377 
070 
377 
351 



Pll 



P12 



VP2 



BADD 
STL 
STL 
STL 
STL 
S'L 
ENL 

8ADD 
STL 
STL 
STL 
S-L 



34000) 

001 

002 

003 

004 

005 

INTCH 

30000) 

101 

102 

103 

104 



TEST BEGINNING 



bNL 


NTlMbS 




S~_ 


CI 






PART 


ONE 


EN'. 


HIADH 




S T L 


PSEUUP 




ENL 


-0) 




NJD 


SOI 




PJP 


ERROKl 




/JP 


L*2 




JMP 


ERROKl 




ENL 


♦ 0) 




RJP 


SOI 




lJf> 


L*2 




JMP 


ERROKl 




PJP 


L*2 




JMP 


ERRONl 




8ENL 


2525*) 




RJP 


SOI 




BEOR 


12525) 




PJP 


ERROHl 




ZJP 


L*2 




JMP 


ERROKl 




8ENL 


12525) 





ALL ONES 



ALL ZEROS 



PAQE 3 

EXTENDED CORE MEMORY TEST 



oo 

-a 



121 


06472 


36 





211 


RJP 


SOI 




122 


U6«73 


13 





351 


8E0R 


1252!>) 




123 


06474 


20 





075 


IJO 


1*2 




124 


06475 


24 





377 


J**P 


ERR0H1 




125 


06476 


27 





077 


PJP 


L*2 




126 


06477 


24 





377 


JMP 


ERROKl 




127 
















130 
















131 


06500 


3? 





205 P3 ENt 


PSEUUP 




132 


06501 


11 





202 


SUB 


LOADH 




133 


C6502 


20 





110 


2JP 


P4 




134 


U6503 


01 





205 


DCR 


PSEUUP 




135 


'J6504 


20 





105 


ZJP 


L*2 




136 


16505 


24 





047 


JMP 


P2 




137 


06506 


3? 


n 


353 


ENL 


♦0) 




140 


06507 


37 





205 


ST L 


PSEUDP 




141 


06510 


24 





047 


JMP 


P2 




142 
















143 












PART 


THO 


144 
















145 


06511 


32 





201 P4 


1 ENL 


HIADH 




146 


06512 


11 





202 


SUB 


LOADH 




147 


U6513 


37 





205 


STL 


PSEUUP 




150 


U6514 


21 





115 


EJP 


1-2 




151 


J6515 


24 





116 


JMP 


L*2 




15.2 


(.'6516 


01 





205 


DCR 


PSEUUP 




153 


'J6517 


16 





205 


HSH 


PSEUUP 




154 


•j 6520 


02 





205 


CMg 


PSEUUP 




155 


06521 


32 





354 


EN L 


-0) 




156 


06522 


36 





223 


HJP 


S02 




157 


U65<>3 


32 





353 


ENL 


♦ 0) 




160 


'J 6524 


36 





223 


HJP 


S02 




161 


06525 


32 





35<? 


8ENL 


2525«!> 




162 


':6526 


36 


n 


223 


RJP 


S02 




163 


065*7 


32 


n 


351 


BENL 


12525) 




164 


06530 


36 





223 


HJP 


S02 




165 
















166 












PART 


THREE 


167 
















wo 


06531 


32 





201 P41 6NL 


HIADH 





ALL ONES--ALL /fe«US» 
ALL ZEROS--ALL ONES 
25252--12525 
12525-25252 



PAGE 4 

EXTENDED CORE MEMQRY TEST 



oo 
i 

00 



171 


06532 


37 





263 


STL 


C2 


172 


06533 


32 





202 


ENL 


LOADH 


173 


06534 


20 





135 


ZJP 


L*2 


174 


06535 


24 





136 


JHP 


L*2 


175 


06536 


32 





350 J 


ENL 


1) 


176 


06537 


6f 





264 


STL 


C3 


177 














200 


U6540 


36 





320 P42 HJP 


S05 


2Q1 


06541 


62 





264 


ENL 


C3 


202 


06542 


37 





205 


STL 


PSEUDP 


203 


06543 


32 





353 


ENL 


♦0) 


204 


06544 


36 





332 


RJP 


S06 


205 


06545 


42 





263 


ENL 


C? 


206 


t'6546 


37 





205 


STL 


PSEUDP 


dZ7 


'J 6547 


32 





354 


ENL 


-0) 


210 


'.'6550 


3* 


1 


332 


HJP 


S06 


^11 














212 


'.'6551 


J? 


D 


264 P43 £NL 


C3 


<a3 


J6552 


13 


1 


201 


bOR 


HIADH 


<14 


.'6553 


20 


T 


16i 


tJ* 


P49 


215 


'.•6554 


32 


n 


26-* 


ENL 


C3 


*16 


'J 65 55 


10 


n 


350 


ADD 


1) 


217 


6556 


37 





264 


STL 


C3 


<;20 


J6557 


01 





263 


DCR 


C2 


221 


L-656 


3? 


n 


26J 


fcNL 


C2 


^22 


.6561 


13 


1 


26« 


EOR 


C3 


*23 


•J6562 


2n 


n 


150 


U*> 


P43 


224 
'25 
226 


•J65t)3 


<!4 


n 


137 


JMP 


P42 














227 














230 


06564 


32 





206 P49 ENL 


CI 


231 


06565 


20 





171 


ZJP 


P6 


232 


06566 


01 





206 P5 


DCR 


CI 


*33 


06567 


27 





045 


PJP 


P12 


<r34 


U6570 


00 


9 


001 


STP 


1 


^35 


06571 


23 





043 


CLJ 


Pll 


236 


16572 


27 





045 P6 


PJP 


P12 


237 


06573 


24' 





165 


JMP 


P5 



END OF ONE CYCLE 

TEST FOR PQS./NEtt. 

NO. CYCLES COMPLETED 



PAQE 5 

EXTENDED CORE MEMORY TEST 



qo 
i 
to 



240 








EJE 




241 












242 












243 










THE FOLL 


244 


06574 


00070 


ADRCH 


OCT 


ADRCHN 


245 


06575 


00077 


OUTCH 


OCT 


OUTCHN 


246 


06576 


00062 


INTCH 


OCT 


INTCHN 


247 


06577 


00015 


ASROC 


OCT 


ASROCH 


250 


066Q0 


00011 


INTLOC 


OCT 


ASRINT 


251 


06601 


37777 


MJADR 


OCT 


HIADRS 


252 


06602 


00000 


LQADR 


OCT 


LOADHS 


253 


06603 


00000 


NTIMES 


OCT 


TIMES 


254 












255 












256 












257 


06604 


00000 


11 


OCT 




260 


06605 


00000 


PSEUDP 


OCT 




261 


06606 


00000 


CI 


OCT 




262 


06607 


23 1 202 


INTINS8CLJ 


202.1 


263 


06610 


06716 


INTADD 


OCT 


INTRTN-1 



THE FOLLONINQ MAY BE PROGRAM INPUTS 
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EXTENDED CORE MEMORY TEST 



00 

i 



264 










EJE 




265 














266 


06611 




ooooo 


SOI 


• • ■ 




267 


06612 


37 


262 




STL 


PATTHN 


270 


•J6613 


32 


205 




ENL 


PSEUD* 


271 


06614 


34 


070 


A01 


OUT 


ADRCHN 


272 


06615 


32 


262 




ENL 


PATTHN 


273 


U6616 


34 


077 


001 


OUT 


OUTCHN 


274 


06617 


32 


205 




ENL 


PSEUUP 


275 


06620 


34 


070 


A02 


OUT 


ADRCHN 


276 


06621 


30 


062 


101 


JNT 


INTCHN 


277 


06622 


24 


1 211 




RTN 




3Q3 














301 














•*C> 














303 


.6623 




"■ 3 3 


iC' «■' 






3f.» 


-■66<!4 


!•> 


'J ?•>.' 




S". 


H '"■ " T M N 


4 1.** 


662 = 


3" 


3 ?3? 




= NL 


PaE-jUP 


3Co 


.66^6 


37 


:• ?6J 




»""L 


C: 


3C7 


6627 


37 


9 >»>4 




3*L 


Ci 


iX'J 


6633 


32 


3 ?ai 




fcNL 


HUDH 


311 


.6631 


34 


070 


A03 


OUT 


AJRCHN 


31? 


-663? 


3? 


? ?62 


iso«- 


ENL 


PATTHN 


313 


-•6633 


34 


3 37 7 


002 


OUT 


OvJ'CHV' 


314 


.6634 


13 


'' 5-J4 




iUR 


-.) . 


315 


.6635 


34 


3 ?.'7 


003 


t>U T 


OJ T CHN 


3lf> 


.6636 


o- 


n ^*.< 




DCH 


21 


317 


6637 


27 


''31 




•« JP 


1SC2 


3;?u 


•6640 


20 


C ?31 




I J* 


130? 


321 


.6641 


32 


?01 




fcNL 


Hi ADM 


322 


.6642 


34 


3 070 


A04 


OUT 


A I'M CM \ 


323 


J664J 


30 


3 C6«? 


102 


INT 


IN T CH^ 


3g4 


L'6644 


13 


?6«? 




feOK 


Pi *7*N 


325 


u6645 


27 


3 246 




PJP 


L*2 


326 


j6646 


24 


1 347 


J 


JMP 


ERR0K2 


327 


C6647 


20 


250 




ZJP 


L*2 


3JU 


-6650 


24 


1 347 




JMP 


ERR0K2 


331 


.6651 


30 


062 


103 


IN T 


I NTH* 


332 


16652 


13 


?b? 




EOR 


PATTkm 


333 


'.6653 


27 


1 ?47 




H JP 


E-'tftiKc' 



WHITE/READ ONE LOCATION 



UNITE AL r eRNA T 



?»A ! 



:KM IN ALL t ^j' 



Z\i\ JN 
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EXTENDED CORE MEMORY TEST 



oo 



334 


06654 


20 


255 




ZJP 


1*2 


335 


06655 


24 


1 347 




JMP 


ERR0H2 


336 


06656 


01 


264 




OCR 


C3 


337 


06657 


27 


242 




PJP 


102 


340 


06660 


20 


242 




ZJP 


102 


341 


06661 


24 


1 223 




RTN 




342 


06662 




00000 


PATTRN 


OCT 




343 


06663 




00000 


C2 


OCT 




344 


06664 




00000 


C3 


OCT 




345 














346 














347 














350 


06665 




00000 


S03 


• • a 




351 


06666 


32 


346 


J 


ENL 


12) 


352 


06667 


37 


307 




STL 


CNT 


353 


06670 


32 


310 


0311 


ENL 


ASRON 


354 


06671 


36 


314 




RJP 


OUT 


355 


06672 


01 


307 




OCR 


CNT 


356 


06673 


27 


267 




PJP 


03L1 


357 


06674 


32 


345 


J 


ENL 


OUTBF) 


360 


06675 


37 


312 




STL 


BUF 


361 


06676 


32 


1 312 


0312 


ENL 


BUF.l 


362 


06677 


36 


314 




HJP 


OUT 


363 


06700 


01 


312 




OCR 


BUF 


364 


C6701 


01 


313 




DCR 


BUFC 


465 


06702 


27 


275 




PJP 


03L2 


366 


06703 


32 


311 




ENL 


ASROF 


367 


06704 


36 


314 




HJP 


OUT 


370 


U6705 


00 


002 




STP 


2 


371 


06706 


23 


1 265 




CLJ 


S03.I 


372 


06707 




00000 


CNT 


OCT 




373 


06710 




37740 


ASRON 


OCT 


37740 


374 


06711 




17741 


ASftOT 


OCT 


17741 


375 


06712 




ooooo 


buf 


OCT 




376 


06713 




ooooo 


8UFC 


OCT 




377 














400 














401 














402 


06714 




ooooo 


OUT 


• • • 




403 


06715 


34 


015 


OUTCOM 


OUT 


ASROCH 



PRINT BUFFER 



OUTPUT 



PA J = 



FXTtKOEO CORE MfcMOWY TEST 



ao 
i 



to 



404 


06716 


01 


1 353 




UCw 


**c 


405 


06717 


24 


1 314 


INTRTN 


RTN 




406 














407 








1 






410 














411 


067*0 




POOOO 


SOS 


• " * 




412 


06721 


32 


264 




tNL 


C3 


413 


06722 


34 


070 


405 


OUT 


4?«CHN 


4i« 


06723 


S2 


35o 




fcNL 


♦J) 


413 


06724 


34 


077 


U04 


OUT 


OUTCHN 


416 


06725 


32 


263 




fcNL 


C* 


417 


067*6 


44 


070 


406 


OUT 


4DRCHN 


423 


J6727 


42 


3?>« 




fcNL 


-0) 


4*1 


06730 


,54 


a 077 


0C5 


OOT 


SOTO* 


42? 


067.J1 


£t 


1 3*J 




wtn 




42J 














424 














425 














42a 


\>f?il 




300C0 


sG6 


1 » . 




427 


U6733 


s? 


26* 




!>'. 


P4TTKN 


430 


1.6734 


32 


20? 




kHx. 


PsEULi" 


431 


U6735 


34 


J 070 


407 


J'JT 


4DRCMN 


432 


vj6736 


3C 


: 06* 


104 


IN' 


I.^TCH\ 


433 


-6737 


1? 


3 56* 




fcOH 


PATT*-j 


«34 


i'6'MC 


*? 


I, i*\ 




i* .'? 


L*2 


435 


'-6741 


It 


1 3«4 


J 


JMB 


fc-rROi 


436 


-0?4> 


>^ 


1 3 Si 




*.>*> 


So6. : 


437 


06743 
06/44 
J6745 
U6746 
ub747 
0e7a0 
L-67S1 
06752 
^6753 
C6754 
U67S5 
06756 
06757 


<!4 


1 344 
0701- 
O'U* 
0U014 

C'OU* 

00001 
l*5*-> 

oucbO 

3 , -77 
3J000 
0020* 
3*000 




J* = 
WHO 

■ «D 

«Rp 
hK£J 


E*RO«i 



WRITE "■"'OR P4«T THREE 



■<rAu/L:-i:CF^ f. 



p** 1 



PACE 9 

EXTENDED CORE MEMORY TEST 



06760 25400 MHD 

06761 00100 HMD 



oo 
i 



co 



PAuE 10 

EXTENDtO COHfc MEMQHt TEST 



oo 



440 






07000 




80HG 


7000 


441 
















442 
















443 
















444 


C7030 


32 





061 


ERR0N1 


kNl 


ASR1 


445 


07001 


36 





074 




KJP 


S07 


446 


07002 


24 


1 


157 


J 


JMP 


P12 


447 
















450 
















451 
















452 


U7003 


32 





062 


ERRUH2 


tNL 


ASR2 


453 


U7U04 


37 





132 




STL 


OUTBF-3 


454 


J7005 


32 





156 


J 


fcNL. 


PduD 


455 


J7U06 


37 





072 




5>Tl 


Tdur 


456 


U70Q7 


32 


1 


155 


J 


kNt. 


PATTKN 


457 


j71'10 


36 





020 




KJP 


S04 


460 


07011 


32 





154 


J 


cNL 


12) 


461 


J7012 


37 


1 


153 


J 


ST U 


dJFC 


462 


j70i3 


36 


1 


152 


<J 


KJP 


503 


4&3 


J / 1 4 


24 


1 


131 


J 


JMP 


P4 


464 
















465 
















466 
















467 


J7015 


32 





C63 


EHRj*3 


tNL 


ASR3 


470 


u7016 


36 





074 




KJP 


S07 


471 


U7017 


24 


1 


150 


V 


JMP 


P4l 


072 
















473 
















474 
















475 
















476 


u/020 




03000 


S04 






477 


07021 


37 





73 




bTL 


04T1 


500 


u7022 


12 





14-» 


V 


SAND 


3000U1 


501 


07023 


16 


1 


146 


J 


KSH 


ACC 


502 


07024 


02 


1 


146 




CMB 


ACC 


5Q3 












KPT 


6 


»04 


u7l'25 


16 


1 


146 




KbH 


ACC 




07026 


16 


1 


146 










07027 


16 


1 


146 










J71J0 


16 


± 


14o 









El PXXXXX LXXXXX 



E2 PXXXXX 



Hi PXXXXX 



xxxxx 



UNPACK 3-DIGI" NjNdeN fr"U* yRJN T UU" 



PAiE 11 

FXTtNOCB CORt "EMJRY TEST 



oo 
i 



Cn 





-;oji 


16 


1 


146 










07352 


16 


1 


146 








>»5 


JfiiJJ 


34 


3 


064 




KjP 


S34A 


5fS 


U70J4 


12 





145 


J 


BAND 


7000) 


*»? 












KPT 


4 


*l« 


07D« 


16 


1 


146 




RSM 


ACC 




0705ft 


1ft 


1 


146 










0703' 


16 


1 


146 










i<7D4fl 


16 


I 


146 








»ll 


J7041 


36 





064 




KJP 


SQ4A 


*12 


07042 


12 


D 


144 


4 


SAND 


700) 


*u 


• ?MJ 


16 


1 


146 




KSm 


ACC 


>14 


U7JI44 


56 





064 




KJP 


S34A 


»1> 


U7D45 


12 





143 


4 


BAND 


73) 


*l» 












K>» T 


2 


*i7 


U7D46 


14 


1 


146 




LSh 


ACC 




J7L47 


14 


1 


146 








*20 


U7ii>8 


46 





064 




HJP 


SQ4A 


*2i 


J7U51 


12 





14* 


J 


SANQ 


7) 


522 












KPT 


5 


523 


u70S2 


14 


1 


146 




LSH 


ACC 




U7QJJ 


14 


1 


146 










U70»« 


14 


1 


146 










U7D55 


14 


1 


146 










U70S6 


14 


1 


146 








»24 


U7D57 


5ft 





064 




KJP 


S04A 


St-i 


D7060 


24 


1 


020 




K'N 




>26 


U7j61 




54040 


4SK1 


OCT 


2610U/^*<rC0d3 JJ340 


»27 


U7U62 




35100 


*S«2 


OCT 


2620U/2*20i)L'0 35103 


>io 


U/U63 




35140 


ASR3 


OCT 


26300/2*20000 3514C 


531 
















5J2 














CONVERT Qic, 


5J3 


i<7064 




ooooo 


304A 


» • . 




534 


U7U65 


10 





156 




ADD 


ASRO 


>J5 


07066 


57 


1 


072 




5»'L 


Tt*O r . I 


536 


U7U67 


01 





07* 




OCR 


T»OP 


537 


07370 


52 





073 




fcNC 


04T1 


540 


J7071 


24 


1 


064 




K*N 




441 


ti"»072 




ooooo 


TgUF 


OCT 




34«: 


U7073 




ooooo 


04T1 


OCT 





T ASCII CUOfc 



00 

I 



os 
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EXTENDED CORE MEMORY 


TEST 


543 








544 








545 








546 


07074 




00000 


547 


07075 


37 


132 


550 


07076 


32 


141 V 


551 


07077 


37 


072 


552 


07100 


32 


1 140 J 


553 


07101 


36 


020 


554 


07102 


32 


156 


555 


07103 


37 


072 


556 


07104 


32 


1 155 


557 


07105 


36 


020 


560 


07106 


32 


137 v 


561 


07107 


37 


1 153 


562 


07110 


36 


1 15* 


563 


07111 


24 


1 074 


564 








565 








566 








567 


07112 




00000 


570 


07113 




00000 


571 


U7114 




00000 


572 


07115 




ooooo 


573 


07116 




ooooo 


574 


07117 




34600 


575 


07120 




32000 


576 


C7121 




32000 


577 


07122 




OOOOC 


600 


07123 




00000 


601 


07124 




OOOOO 


602 


07125 




OOOOO 


603 


07126 




OOOOO 


604 


07127 




330C0 


605 


07130 




3200C 


606 


07131 




3200J 


607 


07132 




OOOOO 


610 


07133 




34240 


611 


07134 




30900 


612 


07135 




30640 



USED BY ERRORl AND ERRQH3 



S07 ,., 

STL QUTBF-3 

ENL LBUD 

STL TSUF 

ENL PSEUDP 

RJP S04 

ENL P8UF) 

STL TBUF 

ENL PATTRN 

RJP S04 

ENL 20) 

STL 8UFC 

HJP SOS 
RTN 



OCT 
OCT 
OCT 
OCT 

LBUF OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 

PBUF OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 

OUTBF OCT 



PRINT 



31400/2*20000 
24000/2*20000 
24000/2*20000 



32000/2*20000 
24000/2*20000 
24000/2*20000 

30500/2*20000 
21200/2*20000 
21500/2*20000 



BUFFER 

X 

X 

X 

X 

X 

L 

SP 

SP 

x 

X 
X 
X 
X 

p 

SP 

SP 

1 OH 2 

E 

LP 

CR 
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EXTENDED CORE HEMORY TEST 
613 



qo 
i 



614 



07136 


33000 ASRO OCT 26000/2*20000 


07137 


00024 


MRD 


07140 


06605 


MRD 


07141 


07116 


MRD 


07142 


00007 


MRD 


07143 


00070 


MRD 


07144 


00700 


MRD 


07145 


07000 


MRD 


07146 


00101 


MRQ 


07147 


30000 


MRD 


07150 


06530 


MRD 


07151 


06510 


MKD 


07152 


06665 


MRD 


07153 


06713 


MHD 


07154 


00014 


MRD 


07155 


06662 


MHD 


07156 


07126 


MHD 


07157 


06445 


MHD 




00000 


END 



33000 



/' 



ASR PUNCH-READER TEST (D15A) 

I. Purpose of Test 

To verify the proper operation of the ASR punch and reader. 

II. Description of Test 

The program reads characters in ASCII code through the ASR reader until two 
terminating characters (minus sign and rub out) are read. Due to the mechanical 
design of the ASR set, the characters being read are also printed and punched at 
the same time. 

After the terminating characters have been received, the entire character set 
that has been read and stored is punched and printed. Thus for both the read 
cycle and the punch cycle, a print record is generated. Errors may then be de- 
tected by visual inspection of these two print records. Inspection of the tape 
records punched may also be done, noting that there are two tape records for the 
read cycle (the ASR set punches as it reads) and one tape record for the punch 
cycle. 

If more than 147 characters are input as a character set, all characters after 
the 147th character are ignored until the terminating characters are received. 
The number of read/punch cycles may be varied from 1 to 8191 times or the 
test may be set to run continuously. At the beginning of the test the ASR set is 
turned on in the prescribed manner by the test program, and when the number of 
cycles has been completed, the ASR set is turned off. 

All interrupts are ignored while the test program is running except the ones 
corresponding to the ASR set which is being tested. The interrupts and channel 
numbers of the ASR set which are used in the test program must correspond with 
the existing hardware setup. 

The minus sign is the terminating character which actually signals the end of the 
character set being read or punched. However, on the read cycle, the rub-out 
character (all ones) must follow the minus sign in order to clear the ASR buffer 
register for the output to follow. 

III. Description of Operation 

A. Punch an ASCII character set tape on the ASR punch, off-line mode, via the 
ASR keyboard. The tape must end with a minus sign and a rub-out character 
(all ones). A suggested character set is a carriage return, line feed, followed 
by: 

ABCDEFGHIJKLMNOPQRSTUVWXYZ 0I23456789!"#$%&'()*=: /; 

and terminated by the rub-out character. Turn the ASR punch off and place 
the ASR switch in the OFF position after the character set is punched. 

B. Read in the binary tape of the ASR Punch-Reader test using the bootstrapped 
binary loader. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X- Register with the starting location of the 
binary loader (X7602); depress the Start button. 
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3. 
4. 

6. 

6. 



Put machine In RUN mode; depress the Master Clear button. 
Plaoe the binary tape under the tape reader. 
Turn the reader on. 
Depress the Start button. 



C. Enter the Test Parameters. 



1. 
2. 
3. 



Put machine In WRITE mode; depress the Master Clear button. 
Using the probe, load the S-Reglster with the parameter location. 
Using the probe, load the X-Reglster with the parameter constant; 
depress the Start button. 
Repeat 2 and 3 until all the following parameters have been entered. 



Location 

213 8 
214 8 
215 8 



216 
217 



Preset 

ASRIL0 10 8 
ASR0L0 11 8 
ASRICH 1 

ASR0CH 

NUMTIM 100 10 



Description 

ASR Input Interrupt Location 

ASR Output Interrupt Location 

ASR Input Channel 

ASR Output Channel 

Number of cycles to read and punch 

(l-8l9lio, or zero). 



Start the Test. 



1. Put the beginning of the tape containing the character set from the ASR 
punch under the ASR reader and turn the ASR punch on. 

2. Put machine in WRITE mode; depress the Master Clear button. 

3. Using the probe, load the X-Register with the starting location of the 
test (101 8 ); depress the Start button. 

4. Put machine in RUN mode; depress the Master Clear button. 

5. Depress the Start button. 

E. Normal Completion 

1. The program will print and punch twice the number of records designated 
by NUMTIM and then stop with the S-Register (bits 0-7) containing one 
(1). If NUMTIM is equal to zero, the test will run continuously. 

2. Proper operation Is verified by visual inspection of the ASR printout 
from the initial character set. Note that turning the ASR off and on may 
punch a few rub-out characters on the tape. These should be Ignored 
while checking the tape. 

3. The program may be restarted by depressing the Master Clear and Start 
buttons. 

F. Error Stop 

1. If bits 0-5 of an input word are non-zero, the program will stop with the 
S-Register (bits 0-7) containing a two (2). 

2. The accumulator may be examined to ascertain what illegal character 
was input. (Note: The reader inputs to bits 6-13 of the accumulator.) 

3. The program may be restarted by executing steps 4 and 5 in Section 
m. D. 

IV. Storage 

Number of locations used: 362g (102g-463g). 
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DATE 4/27/65. TINE 2/57/30 P.M. 
PROJECT NO. 538053 PROCRAMMER E.E. O.HARE 



PACE 1 



i 



1 

2 

3 

4 

5 

6 

7 

10 

11 

12 

13 

14 

15 

1* 

17 

21 

21 

2? 

23 

24 

25 

26 

27 

30 

31 

12 

33 

34 

35 
36 

17 
40 
41 
42 
43 
44 
45 
46 
47 
50 



00102 
00103 
03101 
30105 
00106 
00107 
00110 
00111 
00112 
00113 
00114 
00115 
00116 
00117 
00120 
00121 
00122 
00123 
00124 
00125 
00126 
00127 
00130 
00131 
00132 



00010 
00011 
00001 
00000 
00144 



32 
37 
3? 



00102 
226 
2*7 
3 ?25 



37 l 227 



01 
27 
23 
32 
10 
37 
32 
10 
37 

32 

37 

32 
37 
32 

37 
32 

37 
32 

36 
01 



227 
104 
110 
215 
224 
210 
216 

223 

204 

217 
230 
232 
214 
231 
213 
222 
227 
237 
203 
227 



ASRIRTSE^U 10 
ASR0RT8EJJ 11 
ASRICN EOU 
ASROCN EUU 



TIMES EUU 130 



TAPE NUMBER 512641 

ASR PUNCH-READER TEST 

PROGRAM LIBRARY 

PROGRAM NO, P-50 D15A 



THE FOLLOWING ARE PROQRAM PARAMETERS! 

ASR INPUT INTERRUPT LOCATION 
ASR OUTPUT INTERRUPT LOCATION 
1 ASR INPUT CHANNEL NUMBER 

ASR OUTPUT CHANNEL NUMBER 



UNL 

ASRRRT ORG 

8EN L 

STL 

8EN U 
i*T 5T L 



10: 



27 127 



OCR 
HJP 

CLJ 
ENL 

I BAUD 

STL 
ENL 

I 8ADD 

STL 
ENL 
STL 
ENL 
ST L 
ENL 
ST L 

I ENL 

STL 
ENL 
20ASRT RJP 
DCR 
KJP 



ACC»1 

130) 

chrstu 

?J413) 

.-.-35;'.!, i 

CHRSIQ 
10ASRT 

m 

»sa i r -4 

jioou ) 

INTC01 
ASROO'n 

34000) 

'J'JTCOM 

NUMTJM 

COUNT 

OUTINS 

ASR0L3. I 

1NTIN3 

ASRILO. I 

12) 

CHRSTO 

TURNIP. 

U'JTONr 

CHRSTO 

>3A5KT 



NUMBER OF LINES TO BE READ OR PUNCHED 



STORc MSj^S INTERRUPTS tCLJ .!) IN ALL 
THE I',^:-RrTU»T LOCATIONS 



CLEAR LOCKOUT 

STORE PROPER CHANNEL IN INPUT COH.UND 

STORE PROPER CHANNEL IN OUTPUT COMMAND 
SET MAXIMUH NUMBER OF LINES TO BE READ 
STORE OUTPUT INTERRUPT INSTRUCTION 
STORE INPUT INTERRUPT INSTRUCTION 

TURN ON ASR SET IN PRESCRIBED MANNER 



0*TE 4/27/65, TIME 2/57/45 P.*. 
PROJECT NO. 530353 PROGRAMMER E.E. O.HARE 



rase * 



TAPE NUMBER 512641 



CO 

I 



51 












£JF 




52 


00133 


32 





233 


START 


E*L 


SiORAQ 


53 


0013* 


37 





227 




STl 


CHRSTO 


54 


00135 


36 





207 




KJP 


INTONE 


55 


00136 


36 





207 


INPUT 


KJP 


NTONE 


56 


00137 


37 


1 


227 




STL 


CHRSTO, I 


57 


00140 


12 





221 


J 


BAND 


77) 


60 


00141 


20 





146 




ZJP 


CKMINS 


61 


00142 


32 


1 


227 




ENL 


CHRSTO, I 


62 


00143 


00 





002 




STP 


2 


63 


00144 


12 





220 


J 


BAND 


37700) 


64 


00145 


37 


1 


227 




STL 


CHRSTO, 1 


65 


00146 


23 





147 




CLJ 


L*2 


66 


00147 


32 


1 


227 


CKMINS 


e«: 


CHRSTO, 1 


67 


00150 


11 





235 




sur 


'INUS 


70 


00151 


20 





156 




Z." 


eS5T 


71 


00152 


32 





227 




ENL 


v, (RSTO 


72 


00153 


11 


— 


234 




SUB 


LIMIT 


73 


00154 


20 





135 




ZJP 


INPUT 


74 


00155 


01 





227 




OCR 


CHRSTO 


75 


00156 


24 





135 




JMP 


INPUT 


76 


00157 


32 





233 


RESET 


ENL 


STORAG 


77 


00160 


37 





227 




STL 


CHRSTO 


100 


00161 


32 


1 


227 


OUTPUT 


ENL 


CHRSTO, I 


101 


00162 


16 





101 




NSH 


ACC 


102 


00163 


36 





203 




RJP 


OUTONE 


103 


00164 


32 


1 


227 




ENL 


CHRSTO, I 


104 


00165 


xl 





235 




SUB 


MINUS 


105 


00166 


20 





170 




ZJP 


RUBOUT 


106 


00167 


01 





227 




OCR 


CHRSTO 


107 


00170 


24 





160 




JMP 


OUTPUT 


110 


00171 


32 





237 


RUBOUT 


ENL 


TURNUN 


111 


00172 


36 





203 




RJP 


OUTONE 


112 


00173 


32 





230 




ENL 


COUNT 


113 


00174 


20 





132 




ZJP 


START 


114 


00175 


01 





230 




OCR 


COUNT 


115 


00176 


27 





132 




PJP 


START 


116 


00177 


32 





236 




ENL 


TURNOF 


117 


00200 


36 





203 




RJP 


OUTONE 


120 


00201 


00 





001 




STP 


1 



SET CHARACTER STORAGE INDEX 

IGNORE FIRST CHARACTER 

INPUT A CHARACTER 

STORE CHARACTER INPUT 

CHECK FOR ILLEGAL BITS SET (0-5) 

BRING ILLEGAL CHARACTER TO ACCUMULATOR 
STOP MITH S-REOISTER SET TO A TWO 

STRIP OFF ILLEGAL BITS 
CLEAR LOCKOUT ON A STOP 
CHECK FOR A MINUS SIGN 

IT IS, EXIT TO OUTPUT 



MAXIMUM NUMBER OF CHRS HAVE BEEN INPUT 
DECREMENT CHARACTER STORAGE INDEX 



RESET CHARACTER STORAGE INDEX 

BRING CHARACTER AND SHIFT INTO POSITION 
OUTPUT ONE CHARACTER 



CHARACTER IS A MINUS SIGN, TEST COUNTER 
DECREMENT CHARACTER STORAGE INDEX 
OUTPUT NEXT CHARACTER 

OUTPUT A RUBOUT CHARACTER 

IF COUNT IS ZERO, READ AND PUNOM CONTINUOS 

DECREMENT COUNTER 

CONTINUE READING AND PUNCHING 

TURN OFF ASR SET AND STOF MITH S-RE6 ■ 1 
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121 
122 
123 
124 
125 
126 
127 
130 
131 
132 
133 



00202 24 101 

00203 00000 

00204 34 000 

00205 01 000 

00206 24 1 203 

00207 00000 

00210 30 000 

00211 01 000 

00212 24 1 207 



JMP ASRPRT 



OUTONE ... 
OUTCOM OUT •• 
OCR PC 
OPTRTN RTN 

INTONE ... 
INTCOM INj •• 
DCR PC 
IPTRTN RTN 



REPEAT 



OUTPUT A CHARACTER 
MAIT FOR INTERRUPT 
INTERRUPT RETURN 



INPUT A CHARACTER 
WAIT FOR INTERRUPT 
INTERRUPT RETURN 



to 



DATE 4/27/69. TINE 2/57/51 P.M. 
PROJECT NO. 930093 PROGRAMMER E.E. O.MARE 

EJE 



TAPE NUMBER 912641 



134 






139 






136 






137 


••213 


00010 


140 


••214 


00011 


141 


••219 


00001 


142 


••216 


00000 


143 


••217 


00144 


144 






149 








••228 


37700 




M221 


00077 




••222 


00014 




••223 


34000 




••224 


30000 




M229 


23400 




••226 


••111 



THE FOLLOWING MAY BE PR06RAH INPUTS I 
ASRILO OCT ASRIRT ASR INPUT INTERRUPT LOCATION 

ASROLO OCT ASRORT aSR OUTPUT INTERRUPT LOCATION 

ASRICH OCT ASRICN ASR INPUT CHANNEL 

ASROCH OCT ASROCN ASR OUTPUT CHANNEL 

NUMTIM OCT TINES NUMBER ©T LINES TO BE RfAB ON PUNCMCB 

SEN 
MRD 
MRD 
MRD 
MRQ 
MRD 
MRD 
MRD 



i 



DATE 4/27/65. TINE 2/57/53 P.M. 
PROJECT NO. 530053 PROGRAMMER E.E, O.HARE 



PACE 5 



tape number 5i26«i 



14« 


00227 




00000 


CHRSTO 


OCT 




147 


00230 




00000 


COUNT 


OCT 




150 


00231 


23 


211 


INTINS 


CLJ 


IPTRTN 


151 


00232 


23 


205 


OUTINS 


CLJ 


OPTRTN 


152 


00233 




00463 


STORAG 


DEC 


BUFFER*147 


153 


00234 




00240 


LIMIT 


DEC 


BUFFER 


154 


00235 




25500 


MINUS 


OCT 


25500 


155 


00236 




17741 


TURNOF 


OCT 


17741 


156 


• 0237 




37740 


TURNON 


OCT 


37740 


157 






00240 


BUFFER 


STN 


I 


160 






00000 




END 





CHARACTER STORAGE INDEX 

COUNTER FOR NUMBER OF LINES 

INPUT INTERRUPT INSTRUCTION 

OUTPUT INTERRUPT INSTRUCTION 

BEGINNING OF BUFFER INDEX 

END OF BUFFER INDEX 

ASR MINUS SIGN CODE 

ASR TURN OFF CODE 

ASR TURN ON CODE 

BUFFER STORAGE FOR CHARACTERS 



to 
i 

-a 



CD 
I 
00 



DATE 4/27/65. TINE 2/57/55 P.N, 

PROJECT NO. 530053 PROCRJMNER E.E. O.HARE TAPE NUNKR 512*41 

STARTED 4/27/65. 2/57/01 P.N. 
CONPLETED 4/27/65. 2/57/55 P.N. 
NUMBER OF INPUT RECORDS 112. 
NUNBIR Or OUTPUT RECORDS 119, 
NUNBER OF BINARY RECORDS 97. 



HIGH SPEED PUNCH-READER TEST (D16A) 

I. Purpose of Test 

To verify the proper operation of the high speed punch and reader. 

II. Description of Test 

The test program begins by punching 12 blank characters (leader) and 255 data 
characters. After this paper tape has been punched, it should be placed in the 
high speed reader. 

The program then reads the paper tape that has been punched and compares each 
character to the character used as data. If a character input is not the same as 
the data character, a punch or reader error has occurred and the program stops. 

After reading the paper tape, the program repeats the punch cycle and the read 
cycle until both cycles has been performed eight times. (This number can be mod- 
ified.) After eight times, the program stops. 

All interrupts other than the punch and reader interrupts are ignored while the 
test is in progress. Interrupts and channel numbers used in the test program 
must correspond with the existing hardware setup. 

III. Description of Operation 

A. Read in the binary tape of the high speed punch-reader test using the boot- 
strapped binary loader. 

1. Put machine in Write mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the binary 
loader (7602s, 17602s, 27602s, or 37602s); depress the Start button. 

3. Put machine in Run mode; depress the Master Clear button. 

4. Place the binary tape under the tape reader. 

5. Turn the reader on. 

6. Depress the Start button. 

B. Enter the test parameters. 

1. Put machine in Write mode; depress the Master Clear button. 

2. Using the probe, load the S-Register with the parameter location. 

3. Using the probe, load the X-Register with the parameter value; depress the 
Start button. 

4. Repeat 2 and 3 until all the following parameters have been entered: 
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Location: 


Preset: 


Description: 


174 8 
175 8 
176 8 
177 8 
200s 


PCHL0C 6 
RDRL0C 22 8 
PCHCHA 50s 
RDRCHA 64s 
NUMTIM 108 


Punch Interrupt Location 

Reader Interrupt Location 

Punch Channel 

Reader Channel 

Number punch-reader cycles 



NOTE: If zero is entered as the number of punch-reader cycles (location 
200s), tne tost wiU run continuously. 

C. Start the Test 

1. Put machine in Write mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the test 
(101g); depress the Start button. 

;>,. Put machine in Run mode; depress the Master Clear button. 

4. Depress the Start button. 

D. Normal Execution 

1. After the punch completes one punch cycle, place the paper tape under the 
high speed reader; turn the reader on. 

2. After the proper number of punch-reader cycles have been completed (lo- 
cation 2008), the machine will stop with the S-Register (bits 0-7) containing 
one (1). If location 2008 is zero, the test runs continuously. 

3. The test may be restarted after a one stop by depressing the Master Clear 
and Start buttons. 

E. Error Stop 

1. If a character is mispunched or misread, the machine will stop with the 
S-Register (bits 0-7) containing two (2). 

2. The accumulator (location 1018) may be examined to ascertain what char- 
acter was input. (Note that the reader inputs to bits 6-13 of the accumu- 
lator.) 

3. The program may be restarted after a two stop by putting the machine in 
the Run mode and depressing the Master Clear and Start buttons. 

IV. Storage 

Number of locations used: 532s (102a - 633s) 
V. Run Time 

Program runs at the speed of the high speed reader and punch. 

Recommended Run Time: 25 minutes 
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PAGE 1 

HIGH SPEEU PUNCH-READER TfcST PROGRAM NO, P-50 D16A 

1 HIGH SPEED PUNCH -READEK TEST 

2 

3 PHOGKAM LIBRARY 

4 PHOGKAM NO. P-50 D16A 

5 
6 
7 

10 THE FULIOHING ARE PROGRAM PAKAMETtRSJ 

11 00006 PCHJKTdE"U 6 PUNCH JNTEHRUPl LOCATION 

12 0U022 KDKIRT8EUU 22 RfcAUEK INIENKUPT LOCATION 

13 000t>0 PCHCHN8E0U 50 PUNCH CHANNEL NUMbEH 

14 00064 HDRCHNBfcUU 64 REAUEh CHANNEL NUMBER 

15 0U010 TIMES EUU 6 NO, OF CYCLES 10 bE READ OR PUNCHED 



? I* 



17 UNL 

20 00102 PNKUTT 0«G ACC*1 

21 00102 32 217 j BENL 100) 

22 00103 37 203 1>TL BUFFER 

23 UU104 62 216 j 8ENL 23400) STORE IGNORE INTEKKUPTS [CLJ .1) IN ALL 

24 00105 .37 x 203 lORPT STL BUFFfcH.J THE IN1EHRUPT LOCATIONS 

25 UU106 Ul 203 OCR bUFFER 

26 U0107 (L7 104 PJP 1QRP] 

27 U'JllO *3 110 CLJ LU RELEASE LOCKOUT 

30 00111 32 17/ ENL RURCMA 

31 U0112 10 215 v 8ADD 30000) 

32 00113 37 153 S>IL INTCUM STORE HKOPEK CHANNEL IN INPUT COMMAND 

33 00114 32 176 ENL PCHCHA 

34 00115 10 214 J 8AUD 34000> 

35 00116 37 142 STL OUTCU* STORE PROPER CHANNEL IN OUTPUT COMMAND 

36 00117 62 200 tNL NUMTJM 

37 00120 37 204 i, 1 L COUNI SET MAXIMUM NUMBER OF LINES TO BE READ 

40 00121 32 213 V ENL 1> 

41 00122 37 205 STL FTIMfG SbT FIKST TIME FLAG TO IGNORE FJHST CHA 

42 00123 32 202 fcNL RDRINS 

43 001^4 37 1 I7t» b I L KuRLUC.I STQRfc RfcAUtK INTERRUPT LOCATION 

44 00125 32 201 ENL PCHlNo 

45 0U126 37 1 1/4 blL PCHLOC.I STOKb PUNCH INIfcKKUPT LOCATION 
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HIGH SPEED PUNCH-READE* TEST 



PROGRAM NO, P- 50 016A 



o 
i 



46 












EJE 




47 


00127 


42 





21* 


VCYCLE 


ENL 


DATA*NBLNKS*OFF*l) 


$0 


00130 


37 





206 




STL 


LENGTH 


51 


00131 


32 





211 


J 


ENL 


BASE*DATA*NBLNKS> 


52 


00132 


37 





204 




STL 


BUFffcR 


53 


00133 


01 





206 


PCHRTN 


OCR 


LENGTH 


54 


00134 


20 





1«4 




ZJP 


RESET 


55 


00145 


01 





203 




OCR 


BUFFER 


56 


00146 


42 


1 


204 




ENL 


BUFFER, I 


57 


00137 


16 





101 




RSH 


ACC 


60 


00140 


25 





141 




CJP 


OUTCUM 


61 


00141 


03 





101 




SUB 


ACC 


62 


00142 


44 





000 


0UTC0M 


OUT 


• • 


63 
64 
65 


00143 


01 





000 




OCR 


PC 


00144 


42 





210 


PRESET 


ENL 


OATA^l) 


66 


00145 


47 





206 




STL 


LENGTH 


67 


00146 


42 





207 


J 


ENL 


BASE+DATA) 


70 


00147 


47 





204 




STL 


BUFFER 


71 


00150 


01 





206 


R0RL0P 


OCR 


LENGTH 


72 


UU151 


20 





16* 




*JP 


CNTEST 


73 


00152 


01 





204 




OCR 


BUFFER 


74 


00153 


40 





000 


INTC0H 


INT 


• • 


75 


00154 


01 





000 




OCR 


PC 


76 


00155 


01 





205 


RQRRTN 


OCR 


FTIMFG 


77 


00156 


20 





126 




ZJP 


CYCLfc 


100 


00157 


47 





205 




STL 


FTIHKG 


101 


00160 


11 


1 


203 




SUB 


BUFFER. 1 


102 


00161 


20 





147 




ZJP 


RORLUP 


103 


00162 


10 


1 


203 




ADO 


BUFFER,! 


104 


00163 


20 





152 




UP 


INTCUN 


105 


00164 


00 





002 




STP 


2 


106 


00165 


23 





147 




CLJ 


RORLOP 



NUHBER OF CHARACTERS TO BE PUNCHED 

START OF PUNCH BUFFER 

ONE PUNCH CYCLE UONE, GO TO READ CYCLE 

ENTER CHARACTER 

POSITION CHARACTEH 

TURN OFF CHAR - 00 NOT SET FEED BIT 

SET FEED BIT (BIT 13) 

OUTPUT CHARACTER 

RAIT FOR INTERRUPT 

NUNBER OF CHARACTERS TO BE HEAD 

START OF READER BUFFER 

ONE READ CYCLE DUNE, TEST COUNTER 
DECREMENT BUFFER INDEX 
INPUT A CHAHACTEK 
HAIT FOR INTERRUPT 

IGNORE FIRST GARBAGE CHARACTER 
UNSET FIRST TIHE FLAG 

CHARACTER CHECKS WITH BUFFER CHARACTER 

CHARACTER IS A BLANK, IGNORE IT 
CHARACTER DOES NOT CHECK NITH BUFFER CHR 
CONTINUE CHECKING AFTER VISUAL INSPECT ION 
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HIGH SPEED PUNCH-READER TEST 



PKQGkam NO, p-50 D16A 



o 



107 
110 
111 
112 
113 
114 
115 
116 
117 

120 
121 
122 
123 
124 
125 

126 
127 

130 
131 
132 
133 
134 
135 



00166 
00167 
00170 
00171 

00172 
00173 



00174 
0U175 
0U176 
00177 
UU200 

U02U1 
00202 
U0203 
UU*04 
00205 
UU206 

00207 
U0210 
00211 
00212 
00213 
00214 
00215 
00216 
00217 



32 

20 
01 
27 
00 
24 



23 



204 

126 
204 
126 
001 
101 



00006 
00022 
00050 
00064 
0U01U 

132 

154 
JO000 

1 U0O0 
OUC-00 
OUOOU 

00620 
004U0 
00634 
00415 
00001 
44000 
30000 
23400 
0U1U0 



CNTEST 



PCHLUC 
RDRLOC 
PCHCHa 

HDRCHA 
N'JMT IM 

PC-INS 
HbH JNS 

buffep 

COUNT 

FTIMFG 

LENOTh 



EJE 
kNL 
*JP 
OCR 
PJP 
STP 

JMP 



OCT 
OCT 
OCT 
OCT 
OCT 

CLJ 
CLJ 
OCT 
OCT 
OCT 
OCT 
OEN 
NKD 
NKD 

NKD 
WHO 
NKD 
NKD 
NKD 
NKD 
NKQ 



COUNT 

CYCLE 

COUNT 

CYCLE 

1 

PNKDTT 



THE fOLLO^lNG 

PCH1KT 

RDRIKT 

PCHCHN 

ROKCKN 

T I MES> 

PChRIN 
K JRRT N 



MAY 



IF NUMBER OF TlMEb IS ZE«0. TEST FOKEVEH 

REPEAT PUNCH AND KbAD CYCLE 

DESIRED NOMbEH OF CYCLES HAS BEEN COMKLfcTU 

RESTART TtST 



BE PKOORAM INPUTS! 
PUNCH INIEKRUPT LOCATION 
READER iNlfcKRUPT LOCATION 
PUNCH CHANNEL 
RtAUER CHANNtL 
NUMaEK "JF CYCLbS 10 BE RbAU 



OH PUNCHEU 



PUNCH IN1=KKUPT JNSTRUCTlUN 
READER JNTEKKOPT INSTRUCTION 
START OF PUNCH Oh HbAUEK BUFFER 
NOMbfcN OF CYCLES CUONTfcR 
FIRST TIME FLAG Tu lUNOKE GARBAGE 
LfcNGTH OF PUNCH UK KtADEH BUFFER 



CHAK 
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HIGH SPEED PUNCM-READE* TEST 



PROGRAM NO, P-50 D16A 



136 




00014 


NBLNKS 


EUU 


12 


137 




00377 


DA r * 


EUU 


2*5 


140 




00C01 


OFF 


bQU 


1 


141 












142 








RHT 


OFF 


143 


00220 


00003 




OCT 


3 


144 












145 






BASE 


KPT 


DATA 


146 


00221 


00100 




OCT 


Ln-UASE*100 


147 












ISO 








MPT 


NBLNKS 


191 


00620 


00000 




OCT 





152 




00000 




END 





NUMBER OF BLANKS FOR PUNCH TO WaNH UP 
NUHBER OF DATA CMKS TO BE HEAD OK PUNCHED 
NUMBER OF TURN-OFF CHRS FOR PUNCH 
DATA BUFFER FOR HUNCH AND READER 

TURN OFF PUNCH (BIT » 1> 



DATA! 00000001, 00000010,,,, .1111111H >"l2 > 



TURN ON PUNCH AND HUNCH BLANK 



o 
i 



MARK II ANALOG INPUT STATISTICAL TEST (D17B) 

L Purpose of Test 

To read a variable number of analog points and print the test results on an ASK 
set. 

IL Description of Test 

From one to four vidars can be checked, with the following restrictions: 



Test 1 vidar 
Test 2 vidars 
Test 3 vidars 



Vidar #1 will he tested 
Vidars #1, #2 will be tested 
Vidars #1, #2, ff3 will lie tested 



A maximum of 14 pounts per vidar can be checked. 

The first 20 values and their frequency are recorded for each point. After every 
point has been read CYCLES (specified in initialization) times, the results are 
printed on the document device. If the span adjustment feature is selected, the 
span values are also printed on the document device. 

The test can be operated with or without span adjustment. The last point specified 
for each vidar will be taken as the span calibrate point if this option is selected. 
This point must be short circuited for proper operation of span adjustment. Span 
point settings are printed every a readings if the span print option is selected. 
When the test has gone through the number of scan cycles specified by CYCLKS, 
the data collected in the tables is output in the format below. 



Col. 1 


Col. 2 


Col. 3 


Col. 4 


00100 


00100 


00077 


00077 


00100 


00100 


00077 


00077 


00100 


00100 


00077 


00077 


00100 


00100 


00077 


00077 


00100 


00100 


00077 


00077 


00100 


00100 


00077 


00077 


00100 


00100 


00077 


00077 


00100 


00100 


00077 


00077 


10007 


00033 


17457 


00001 


10010 


00021 






10006 


00020 






10011 


00003 






10005 


00001 






10007 


00041 


17457 


00002 


10006 


00022 






10005 


00001 






10010 


00012 






10011 


00002 






10007 


00045 


17357 


00004 


10010 


00017 






10006 


00011 






10005 


00001 






10011 


00002 






00002 


00047 


17357 


00010 


00003 


00025 






00001 


00004 







The four columns are the span 
point settings for the 4 vidars 
Icing tested. Column 1 is tor 
vidar #4, column 2 is for vidar 
#3, column 3 is for vidar *2, and 
column 4 is for vidar #1. 



Column 1 contains the reading 
taken. No conversion is done and 
the readings are the actual inputs. 



Column 2 contains the frequency 
at which each reading occurred. 



Column 3 contains the word and 
channel address together with the 
gain at which the point was read. 



Column 4 contains the bit address. 
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Col. 1 


Col. 2 Col. 3 Col. 4 


10010 


00013 27257 00020 


10005 


00015 


10007 


00017 


10004 


00011 


10006 


00017 


10003 


00001 


Description of Operation 


A. Read in 


the binary tape of the Analc 



All numbers are octal. When 
more than one vidar is being 
tested, the readings for the 
highest numbered vidar are 
printed out first. 



binary loader. 

1. Put machine In WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X- Register with the starting location of the 
binary loader (7602g, 17602s. 27602g. 37602g); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Place the binary tape under the tape reader. 

5. Turn on reader. 

6. Depress the Start button. 
B. Enter the test parameters. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the S-Register with the parameter location. 

3. Using the probe, load the X-Register with the parameter constant; de- 
press the Start button. 

4. Repeat 2 and 3 until all the following parameters have been entered. 

Description 

Analog conversion complete interrupt M>C. 

No. vidars to be tested 

Document device output channel 

Document device output complete int. uoc. 

No. points per vidar to be tested 

No. cycles before printout 

Tenths sec. delay between scans 

Zero to adjust span 

Zero to print span adjustment 

Gain, word, channel select control 

words for vidar no. 1 

Gain, word, channel select control 

words for vidar no. 2 

Gain, word, channel select control 

words for vidar no. 3 

Gain, word, channel select control 

words for vidar no. 4 

11-2 



Location 




Prese 


i008 


ANLINT 


2 


4018 


NUMTST 


4 


402 8 


TYPCHN 





4038 


ASRINT 


U8 


4048 


VDRADR 


1410 


4058 


CYCLES 


100 8 


4068 


CYCTIM 


1010 


4078 


SPNSET 





4108 


SPNPRT 





4118-4278 


ADRTB1 





430-446 


ADRTB2 





447-465 


ADRTB3 





466-504 


ADRTB4 






Description 

Bit select control words for vidar 

no. 1 

Bit select control words for vidar 

no. 2 

Bit select control words for \id;ir 

no. 3 

Bit select control words for vidar 

no. 4 

The format for the gain, word, channel select control words is as follows-. 

Bit 13 « 1 50 mv Bit 12 = 1 5 volts 



Location 




Preset 


505-523 


BITAB1 





524-542 


BITAB2 





543-561 


BITAB3 





562-600 


BITAB4 






Bits 13, 12 


gain 


Bits 11-6 


word 


Bits 5-0 


channel 



The bit select control words contain one bit set. 

C. Start the test. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-register with the starting location of the test 
(6008); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button; depress the 
Start button. 

D. The test runs continuously, reading each point the desired number of times 
and printing out the data. 

IV. Storage 

The program uses 7140g locations (400g-7537a). 

V. Run Time 

Recommended run time: 4 hours. 
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P-50 MARK II ANALOG INPUT STATISTICAL "EST (D17B-1) 

1 PHCUKAM TITLE: P-5C MARK II ANALOG STATISTICAL TEST <Dl7B-l> 

2 

3 DATE! JUNE 1,1966 

4 

5 SOURCE COMPU T ER: P-500. SYSTEMS LAB, MESAP SO/500 

6 OBJECT COMPUTERS P-50 NARK II SERIES 
7 

10 PROGRAMMER? C.VE T TER 
11 

12 AdSTKAC T ! THIS PROGRAM IS A REVISION OF 0178, IN D17B-1 

13 THE ANALOG CONVERSION COMPLETE INTERRUPT 

14 INITIATES THE INPUT AFTER ALL VALUES HAVE BEEN 

15 STORED, IN D17B NO VALUES ARE STORED UNTIL 

16 THE ANALOG CONVERSION COMPLETE INTERRUPT IS 

17 RECEIVED. SEE DESCRIPTION OF SAME CODE NUMBER 
20 AVAILABLE FROM C.S.D. DRAFTING SECTION. 

21 

22 CODING: NOT STNDHD1 - REVISION OF D17A PROGRAMMED ORIGINALLY 

23 PRIOR TO STNDRD1, 



i 



I 
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P-50 MARK II ANALOG IN°U T sTa'ISTJCAL "ES^ (D17H-1) 

24 fcJE ASSEMBLY PARAMETERS 

26 THE TULLOWING MA* BE CHANGED AT HUN TjMfc 

' il OJUOe? ANINT bUu t ANALOG CONVERSION COMPLETE INTERRUPT LOCATION 

30 0000* NUKVUK b^U « MAXIMUM NO, VJDARS TO BE TESTED 

31 00OUO DOCOU~btl-L' U DOCUMENT DEVICE OUTPUT CHANNEL 

32 0U011 DOClN-efcUj ii DOCUMENT DEVICE OUTPUT COMPLETE IhTERHUP" LOCATION 

33 T HE FOLLOWING MAY NOT BE CHANGED EXCEPT B « HeASSEHBLY 

34 0U0U1 ASh c Uu i ASR = 1 TO OUTPUT ON ASR SET, »0 TO OU'PU* :jH SELECTR'C 

35 004'JO ORIblNhtCL' 40C PROGRAM ORIGIN 

36 00i):6 VDRCH«8s'Jl 16 SPAN AND GAIN AND INPUT CHANNEL FOR VJUAR 1 

37 OUG06 VCHCH^'bt-U 3b SPAN AND GAIN AND INPUT CHANNEL FOR V I f A sj 2 

40 000^6 VDRCH38bJv 56. SPAN AND GAIN AND INPUT CHANNEL FOR VIUAR 3 

41 OL'O'O VDRCH4bbi;u "»6 SPAN AND GAIN AND INPUT CHANNEL FOR VJDA« 4 
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P-50 MARK II ANALOG INPUT STATISTICAL T£ST (D17B-1) 



i 



42 








feJE 




43 








UNL 




44 




00400 




OKG 


ORIGIN 


45 










Ti 


46 


00400 


0000* 


ANLINT 


OCT 


AN!N1 


47 


00401 


00004 


NUMTST 


OCT 


NUHVDR 


50 


00402 


00000 


TYPCHN 


oc- 


DOCOJT 


51 


0U403 


00011 


ASRINT 


OCT 


DOCINT 


52 


00404 


00016 


VDRaDR 


DEC 


14 


53 


00405 


00100 


CYCLES 


OCT 


1U0 


54 


00406 


00012 


CYCTIM 


UfeC 


10 


55 












56 


004C7 


00000 


SPNSET 


OCT 




57 


00410 


ouooo 


SPNPRT 


OCT 




60 






ADPTBl 


HPT 


15 


61 


00411 


ooooo 




OCT 




62 






ADPTB2 


HKT 


15 


63 


00430 


ooooo 




OCT 




64 






ADRTB3 


RP^ 


15 


65 


00447 


ooooo 




OCT 




66 






ADPTB4 


HPT 


15 


67 


00466 


ooooo 




OCT 




70 






BITAB1 


RPT 


15 


71 


00505 


ooooo 




OCT 




72 






BITAB2 


HPT 


15 


73 


00524 


ooooo 




OCT 




74 






BITAB3 


HPT 


15 


75 


00543 


ooooo 




OCT 




76 






BITAB4 


HPT 


15 


77 


00562 


ooooo 




OCT 





HE rOLLOMING ARE INPUTS AT HUN TINE 
ANALOG CONVERSION COMPLETE INTERRUPT LOCATION 
NUMBER Or VIDARS TO BE TESTED 
DOCUMENT DEVICE OUTPUT CHANNEL 

DOCUMENT DEVICE OUTPUT COMPLETE INTERRUPT LOCA r !0* 
NUMBER OF POINTS PER VIDaR TO BE READ 
NUMBER Or READINGS PER POINT BEFORE PRINTOUT 
CYCTIM*1/10 SEC. c TIME DELAY BEFORE NEXT R£aD!N>3 Or 

ALL POINTS 
ZERO TO ADJUST SPAN, NON-ZERO TO SKIP SPAN ADJUS* 
ZERO TO PRINT SPAN, NON-ZERO TO SHIP SPAN PRINT 
MORD CHANNEL SELECT FOR VIDAH NO. 1 

MORD CHANNEL SELECT FOR VIDAR NO. 2 

WORD CHANNEL SELECT FOR VIDAH NO. 3 

WORD CHANNEL SELECT FOR VIDAR NO. 4 

BIT SELECT FOR VIDAR NO. 1 

BIT SELECT FOR VIDAR NO. 2 

BIT SELECT FOR VIDAR NO. 3 

BIT SELECT FOR VIDAR NO. 4 
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P-50 MAKK II ANALOG INPUT STATISTICAL "fcST iDl7b-l> 

100 fcJE PROGRAM CONTROL 
101 

102 0U6U1 *2 2Q1 b L j L*l SET LOCKOUT 

103 OU602 .J6 1 376 J nS HESTkT INITIALIZE PROGRAM 

104 UU6U3 ib 2<!3 ANALOG KJP OUTanI INPUT DaTa. OUTPUT MULTIPLEXER ADDRESS 

105 UU6C4 16 352 nbH ;n[) 

106 0U6U5 27 216 kjp FIRS^ FIRST TIME - IGNORE INPUT 

1U7 UU6U6 <:4 2'J6 1STCMG JK* • tm * 1 HEPLACEABLE DURING INITIALIZATION 

11° ULE 4-NUMVDH»2 STORE VALUES READ 

111 006Q7 62 353 EN W SaVE4 

112 0U610 .16 1 373 J HJP S T URt 

113 0U611 32 3*4 t N L SAVE3 

114 UU612 36 1 3/5 HJP STORE 
£ 115 0U613 42 355 fcNL SAVE*; 
J^ 116 0Ubi4 J6 1 375 Kjp S^ORfc 

117 0U615 02 336 fcNL SmVEI 

120 00616 J6 1 3/3 kJP STCRt 

121 0U617 U3 352 FIRST s>Mb JND 

122 00620 16 331 KbH ANT WAIT FOR INTERRUPT 

123 0U621 27 202 PJP ANALOG RECYCLE 

124 01)622 24 217 JMP l-2 
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P-50 HARK II ANALOG INPUT STATISTICAL TEST (D17B-1) 



oo 



125 
126 
127 
130 
131 
132 
133 
134 
135 
136 
137 
140 
141 
142 
143 
144 
145 
146 
147 
150 
151 
152 
153 
154 



157 




00623 
00624 
00625 

00626 
00627 
00630 
00631 
00632 
00633 
00634 
00635 
00636 
00637 

00640 
00641 
00642 
00643 

00644 
00645 
00646 
00647 
00650 
00651 
00652 
00653 
00654 
00655 
00656 



EJE 



THIS SUBROUTINE IS ENTERED AFTER ALL PREVIOUS 
DATA HAS BEEN STORED AND THE ANALOG CONVERSION 
COHPLETE INTERRUPT IS RECEIVED, IT INPUTS DAT* 
CURRENTLY ON THE DATA LINES AND STORES IT IN 
TEMPORARY LOCATIONS FOR EACH VIDAR, IT THEN 
OUTPUTS SPAN AND 6AIN AND MULTIPLEXER ADDRESS 
FOR NEXT POINTS. 



00000 
03 351 
24 225 



30 
37 
30 
37 
30 
37 
SO 
37 
32 
24 



32 

12 
10 
37 
32 
12 
10 
37 
32 
12 
10 



076 
353 
056 
354 
036 
355 
016 
356 
374 
237 



34 076 
44 056 
34 036 
34 016 



307 
373 
372 

265 
311 
373 
372 
271 
314 
373 
372 



OUTANI , ,, 
SMB 

2NDCH6 JMP 
OLE 
INT 
S-L 
INT 

STL 

INT 

STL 

INT 

STL 

t 8ENL 

3RDCHG JHP 

OLE 

00" 

OUT 

OUT 

OUT 

DLE 

ENL 

f 6AN0 

I 8A0D 

S'L 

ENL 

BAND 

BADO 

S T L 

ENL 

BAND 

BAUD 



ANT 

L*l 

4-NU«VDR#2 

VDRCH4 

SAVE4 

VDRCH3 

SAVE* 
VDRCH2 

SAVE2 

VDRCH1 

SAVEl 

200) 

L*l 

4-NUHVDR 

VDRCH4 

VDRCH3 

VDRCH2 

VORCHi 

4-NUHVDRM 

LADR4 

377) 

32000) 

6AIN4 

LA0R3 

377) 

32000) 

GaINJ 

LADR2 

377) 

32000) 



REPLACEABLE DURING INITIALIZATION 

INPUT CURRENT DATA AND STORE TEMPORARILY 



OUTPUT SPAN AND GAIN FOR NEXT POINTS 
REPLACABLE DURING INITIALIZATION 
RESET SPAN 



PICK UP GAIN 
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P-50 MARK II ANALOG INPUT STATISTICAL "EST (D17B-1) 

175 00657 37 275 S"L GAIN*: 

176 00660 32 315 ENL LADR1 

177 00661 12 373 8*ND 377) 

200 00662 10 372 BAUD 32000) 

201 00663 37 301 STi_ QAINl 

202 00664 24 264 4THCHG JMP L*l REPLACEABLE DURING INITIALIZATION 

203 OLE 4-NU1VDR-4 OUTPUT SPAN AND GAIN 

204 00665 32 066 GAIN4 fcNL ADR T B4 

205 00666 12 371 V BAND 30000) 

206 00667 10 1 370 J ADD SPwRD4 

207 00670 34 076 UU^ VDRCM 

210 00671 32 047 GAIN3 ENL ADRTb3 

211 00672 12 371 BAND 3000U) 

212 00673 10 1 367 j ADD SPwRD3 

213 00674 34 056 OUT VDRCM3 

214 00675 32 030 GAIN2 ENL ADRTB2 

215 00676 12 371 BAND 30000) 
\ n 216 00677 10 1 366 J ADD SPWRU2 

217 00700 34 036 OUT VDRCM2 

220 00701 32 Oil GAlNl ENL ADR T B1 

221 00702 12 371 BAND 30000) 

222 00703 10 1 365 J ADD SPwRUl 

223 00704 34 016 OU~ VDRCHl 

224 00705 24 305 5THCHG JMP L*l REPLACEABLE DURING INITIALIZATION 

225 bLE 4-NUMVuR»2 OUTPUT MULTIPLEXED ADDRESSES FOR NEXT POINTS 

226 00706 32 162 t NL BITab4 

227 00707 34 1 066 LADH4 OU~ ADRTd4»I 

230 0U71O 32 143 ENL 8ITAB3 

231 00711 34 1 047 LADH3 UU" ADRTB3,I 

232 00712 32 124 ENL BITAB2 

233 00713 34 l 030 LADR2 OUT AURTB2 t i 

234 00714 32 105 ENL BI7AB1 

235 00715 34 1 Oil LaDRI OUT ADRTB1.I 

236 00716 32 364 J 8ENL 400) OUTPUT TO TRIGGER ANALOG CONVERSION 

237 00717 34 016 UUT VDRCni 

240 DLE 4-NUMVDR»6 UPDATE POINT ADDRESSES 

241 00720 32 306 ENL LADR4-1 

242 00721 10 363 V ADD 1) 
2*3 00722 37 306 bT L LADR4-1 
244 00723 32 307 t*L LAD*4 



to 
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P-50 HARK M ANALOG INPUT STATISTICAL T EST CD178-1) 



i 

i- 1 

o 



245 


00724 


10 





363 




ADD 


1) 


246 


00725 


37 





307 




STL 


LADR4 


247 


00726 


32 





310 




feNL 


LADR.J-1 


250 


00727 


10 





363 




ADD 


1) 


251 


00730 


37 





310 




STL 


LADR3-1 


252 


00731 


32 





311 




ENL 


LADR3 


253 


00732 


10 





363 




ADD 


1) 


254 


00733 


37 





311 




STL 


LADRo 


255 


007.34 


32 





312 




ENL 


LADR2-1 


256 


00735 


10 





363 




ADD 


1) 


257 


00736 


37 





312 




STL 


LADR2-1 


260 


00737 


32 





313 




ENL 


LADR* 


261 


00740 


10 





363 




ADD 


1) 


262 


00741 


37 





313 




STL 


LADR2 


263 


00742 


32 





314 




ENL 


LADRl-1 


264 


00743 


10 





363 




ADD 


D 


265 


00744 


37 





314 




STL 


LADRl-1 


266 


00745 


32 





315 




ENL 


LADRl 


267 


00746 


10 





363 




ADD 


1> 


270 


00747 


37 





315 




STL 


LADRl 


271 


00750 


24 


1 


223 




KTN 




272 
















273 


00751 




00000 


ANT 


OCT 




274 


00752 




00000 


IND 


OCT 




275 












OLE 


4-NUHVDR 


276 


00753 




ooooo 


SAVE4 


OCT 




277 


00754 




ooooo 


SAVE3 


OCT 




300 


00755 




ooooo 


SAVE2 


OCT 




301 


00756 




ooooo 


SAVE! 


OCT 




302 












OLE 


4-NUnVDR 


303 


00757 


32 





163 


BITFX4 


ENL 


BITAtM*l 


304 


00760 


32 





144 


BITFX3 


ENL 


BITAB3*1 


305 


00761 


32 





125 


BITFX2 


ENL 


BITAB2*! 


306 


00762 


32 





106 


BlTFXi 


ENL 


BITAH1*! 
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P-50 "ARK II ANALOG INPUT STATISTICAL TEST (D17B-1) 



307 



00763 


00001 


00764 


00400 


00765 


02162 


00766 


02161 


00767 


02160 


00770 


02157 


00771 


30000 


00772 


32000 


0U773 


00377 


00774 


00200 


00775 


01400 


00776 


01000 



EJE 

MHD 
MHQ 
MKD 
MKD 
MHO 
NKQ 
MHQ 
MKD 
MKD 
MHD 
MHD 
MHD 
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i 

M 

to 



ilO 



OlOOO 



311 














TH 


312 














TH 


313 


01000 




00000 


H 


ESTRT ,., 




3l4 


01001 


32 


1 


370 


V 


ENL 


TYPCHN 


315 


01002 


10 





3o7 


J 


BAUD 


3400U) 


316 


01003 


47 


1 


366 


J 


S»"L 


UUT*i 


317 


01004 


42 


1 


365 


J 


ENL 


ASHINT 


320 


01005 


47 





276 




STL 


TYPinT 


321 


01006 


02 


1 


364 


J 


ENL 


anlint 


322 


01007 


47 





27* 




ST L 


INTLUC 


323 


01010 


32 





464 


J 


8ENL 


100> 


324 


01011 


37 





273 




STL 


lstint 


325 


01U12 


32 





271 




ENL 


CLJ01 


326 


01013 


47 


1 


274 




STL 


LSTINT,! 


327 


01014 


01 





273 




DCR 


LSTINT 


330 


01015 


27 





012 




PJP 


L-2 


331 


01016 


23 





016 




CLJ 


L*l 


332 


01017 


32 





276 




ENL 


TYP1NT 


333 


01020 


10 





362 


J 


ADO 


6?) 


334 


01021 


37 





274 




STL 


RND 


335 


01022 


42 





361 


J 


ENL 


INTR1N-1) 


336 


01023 


37 


1 


274 




STL 


RNU.l 


337 


01024 


32 





271 




ENL 


CLJ01 


340 


01025 


10 





276 




AOD 


TVPINT 


341 


01026 


10 





362 




AOO 


65) 


342 


01027 


37 


1 


276 




STL 


TYPINT. I 


343 


01030 


32 





272 




6ML 


INTLUC 


344 


01031 


10 





362 




AUO 


65) 


345 


01032 


37 





274 




STL 


HNO 


346 


01033 


32 





360 


4 


ENL 


ANLNT) 


347 


01034 


47 


1 


274 




STL 


RND.l 


350 


01035 


32 





270 




ENL 


RJPINS 


351 


01036 


10 





272 




AOO 


INTLUC 


352 


01037 


10 





362 




AOO 


65) 


353 


01040 


37 


1 


2/2 




STL 


INTLUC, I 


354 


01041 


42 


1 


357 


4 


ENL 


CYCLES 


355 


01042 


47 


1 


3>6 


4 


S'L 


PRTOUT 


356 


01043 


32 





35t 


4 


ENL 


ti> 


357 


01044 


37 


1 


354 


4 


S-L 


SPNCNT 



UKG Q*iGi**256 

5 SUBRUUTINE INITIALIZES THE INTERRUPTS ANO 
TEST PROGRAM TO START OR HESTART THE TEST, 



INITIALIZE DOCUMENT OEVICE OUTPUT CHANNEL 

INITIALIZE DOCUMENT DEVICE INTERRUPT LOCATION 

INITIALIZE ANALOG CONVERSION COMPLETE INT. LOC. 
STORE IGNORE INTERRUPTS IN ALL LOCATIONS 



CLEAR LOCKOUT 

STORE TYPER INTERRUPT JUMP LOCATION 



STORE JUMP IN TYPER INTERRUPT LOCATION 
STORE ANALOG INTERRUPT JUMP LOCATION 

STORE RETURN JUMP J N ANALOG INTERRUPT LOCATION 

NO. CYCLES BEFORE PRINTOUT 

INITIALIZE CYCLE COUNT FOR SPAN ADJUST 



I 

03 
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P-50 MARK II ANALOG InPU t STATISTICAL "bST (D17H-1) 



fcNL NUMTsT 

STL Ki'JD 

fcNL ) 

ADD VDHAUH 

UCH HND 

KJr> L-2 

bTL TOTaDR 

S>"L FInCnT 

bNL NUMTbT 

DCR ACC 

STL RNU 

LSH ACC 

LSH ACC 

ADD HUD 

LSH ACC 

LSH ACC 

STL 20DCH 

fcNL 0) 

UL£ 4-NUMVDR 

S"L SPAN4 

S'L SPAN3 

STL SPAN* 

S'L SPAN1 

ENL SPIN1T 

DLE 4-NUMVDR 

STL SPMRU4 

STL SPWRU3 

STL SPHRU2 

S T L SPWRU1 

S«8 ANT 

CMB IHD 

DLE 4-NUMVDR«10 

fcNL VURAQR 

ADD ADRT»4) 

S"L rnd 

fcNL ADRTB4 
STL HND, 1 
fcNL VDRADR 
ADO BITAH4) 

S"L HND 



360 


01045 


32 


1 


353 


«/ 


361 


01046 


47 





274 




362 


01047 


32 





352 


J 


363 


01050 


10 


1 


351 


V 


364 


01051 


01 





274 




365 


01052 


27 





047 




366 


01053 


37 


1 


350 


J 


367 


01054 


37 


1 


347 


J 


370 


01055 


32 


1 


353 




371 


01056 


01 


1 


362 




372 


01057 


37 





'74 




373 


01060 


!■» 


I 


j2 




374 


01061 


14 


1 


362 




375 


01062 


10 





274 




376 


01063 


14 


1 


362 




377 


01064 


14 


1 


362 




400 


01065 


37 


1 


346 


J 


401 


01.066 


32 





352 




402 












403 


01067 


37 


1 


345 


J 


404 


01070 


37 


1 


344 


J 


405 


01071 


37 


1 


343 


J 


406 


01072 


37 


1 


342 


J 


407 


01073 


32 





275 




410 












411 


01074 


37 


1 


341 


J 


412 


01075 


37 


1 


340 


J 


413 


01076 


37 


1 


337 


J 


414 


01077 


37 


.1 


336 


J 


415 


01100 


03 


1 


335 


V 


416 


01101 


02 


1 


334 


V 


417 












420 


01102 


32 


1 


351 




421 


01103 


10 





333 


J 


422 


01104 


37 





274 




423 


01105 


32 


1 


333 




424 


01106 


37 


1 


2 74 




425 


01107 


32 


1 


351 




426 


OHIO 


10 





332 


V 


427 


01111 


37 





274 





CALCULATE TOTAL NO. POINTS TO BE TESTED 



MODIFY CONSTANT 20DCR 



INITIALIZE SPAN ADJUST WORDS TO ZERO 



SET INITIAL SPAN VALUE 



CLEAR ANALOG INTERRUPT INDICATOR 

SET FIRST READ INDICATOR 

STORE FIRST POINT A ND BIT ADDRESS FOLLOWING UST 
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i 



430 


01112 


32 


1 


332 




431 


01113 


47 


1 


274 




432 


01114 


32 


1 


351 




433 


01115 


10 





331 


J 


434 


01116 


37 





274 




435 


01117 


32 


1 


331 




436 


01120 


37 


1 


274 




437 


01121 


32 


1 


351 




440 


01122 


10 





330 


J 


441 


01123 


37 





274 




442 


01124 


32 


1 


330 




443 


01125 


37 


1 


274 




444 


01126 


32 


1 


351 




445 


01127 


10 





327 


4 


446 


01130 


37 





274 




447 


01131 


32 


1 


327 




450 


01132 


37 


1 


274 




451 


01133 


32 


1 


35l 




452 


01134 


10 





326 


J 


453 


01135 


37 





274 




454 


01136 


32 


1 


326 




455 


01137 


37 


1 


274 




456 


01140 


32 


1 


351 




457 


01141 


10 





325 


J 


460 


01142 


37 





274 




461 


01143 


32 


1 


325 




462 


01144 


37 


1 


274 




463 


01145 


32 


1 


351 




464 


01146 


10 





324 


V 


465 


01147 


37 





274 




466 


01150 


32 


1 


324 




467 


01151 


37 


1 


274 




470 


01152 


36 


1 


323 


V 


471 


01153 


46 


1 


322 


J 


472 












473 


01154 


01 


1 


321 


J 


474 


01155 


01 


1 


320 


J 


475 


01156 


01 


1 


317 


J 


476 


01157 


01 


1 


316 


J 


477 


U1160 


01 


1 


315 


4 



-■ 


r c:i/b-i> 


£Nu 


0ITAU4 


STl. 


RND.l 


ENL 


VDRAUR 


A00 


ADRTb3) 


S7 U 


RND 


fcNL 


ADRT03 


STl 


RND.l 


ENL 


VDRAUR 


ADD 


B1TAH3) 


STL 


RNU 


ENL 


BHA03 


S^L 


RND.l 


ENL 


VDRADR 


ADD 


A0RTH2) 


ST L 


RND 


ENL 


AJRTb2 


STL 


RND.l 


ENL 


VDRADR 


ADD 


BITAB2) 


STL 


RND 


ENL 


BITAB2 


STL 


RND.l 


ENL 


VDRAUK 


ADD 


ADRTtti) 


S'L 


R*D 


ENL 


ADRTdl 


STL 


RND.l 


ENL 


VDRAUR 


ADD 


BITAbl) 


S~L 


RND 


ENL 


BITAbl 


STL 


RND.l 


KJP 


REINJT 


HJP 


CLTAb 


DIE. 


4-NUHVDH»2 


OCR 


LADR4 


DCS 


LADR4-1 


OCR 


LADR3 


DCR 


LADR3-1 


DC* 


LADR2 



REINITIALIZE TABLE POINTERS 
STORE ZEROS IN TABLES 
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i 

»-» 
tn 



500 


01161 


01 


i 


314 


J 


501 


01162 


01 


i 


3l3 


J 


502 


01163 


01 


i 


312 


J 


503 


01164 


32 


i 


353 




504 


01165 


13 


i 


311 


J 


505 


01166 


10 





310 


J 


506 


01167 


14 


i 


36* 




507 


01170 


10 





30? 


J 


510 


01171 


12 





306 


J 


511 


01172 


10 





305 


J 


512 


01173 


47 


1 


307 




5 t 3 


U1174 


42 


1 


353 




514 


01175 


13 


1 


311 




515 


01176 


10 





310 




516 


01177 


14 


1 


36* 




517 


01200 


10 





304 


J 


520 


01*01 


12 





306 




521 


01202 


10 





3C5 




522 


01203 


37 


1 


304 




523 


01204 


32 


1 


353 




524 


01*05 


13 


« 


311 




525 


U1206 


10 





310 




526 


01207 


10 





303 


J 


527 


01210 


12 





306 




530 


01*11 


10 





305 




531 


01*12 


37 


1 


303 




532 


01*13 


32 


* 


353 




533 


01214 


13 


X 


311 




534 


01*15 


10 





310 




535 


01*16 


14 


1 


3a* 




536 


01*17 


14 


1 


36* 




537 


01*20 


10 





302 


J 


540 


01*21 


12 





3U6 




541 


01*22 


10 





305 




542 


oi<-*3 


37 


1 


30* 




543 


01*24 


42 


< 

A 


353 




544 


01*25 


13 


1 


311 




5*5 


01**5 


10 


c 


31 'J 




546 


01c*7 


14 


X 


30i 




547 


UlL-iO 


in 


3 


3bl 


J 



OCR 
DCR 

bCR 
cNL 
EOR 
ADD 

LbH 

ADD 

BAND 

bADC 

S"L 

fcN L 

EUR 

ADD 

LSh 

ADD 

8ANQ 

BADD 

b'L 

ENL 

eOH 

ADD 

add 

8 AN J 
BAUD 

EN L 
EU* 

ADD 

LSh 
LSh 
ADD 
BAND 
8ADD 
S'L 
fcNL 
t'JS 
ADD 

L5H 



LADR2-1 

LADRl 

LADRl-1 

NUMTST 

ALONcS 

NdMVUR) 

ACC 

lS T CMli ) 

377) 

24000 ) 

lS'CMG 

NUM'iT 

AcONEi 

N'JHV UK ) 

ACC 

2ndchu; 

37^5 

24000! 

2NDCHG 

NJMTbT 

ALONfcS 

NUMVuk ) 

3^DCh(j) 

377) 

2 4 0) 

3*DC*G 

NUMTsi 

ALONfcS 

NJMVDH ; 

ACC 

ACC 

4THCHG? 

3 ; 7 .• 

24C00 ) 

4THCHG 
N C H " b T 
ALONfci 
NJMVU* J 
ACC 



1ST CHANGE • IN CONTROL SECTION 



2ND CHANGE - IN OUTANI 



3RD CHANGE - IN OUTANI 



4TH CHANGE - IN OUTANI 



5Th change - in outani 
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i 

OS 





*50 


01231 


12 





306 




BAND 


377) 




551 


01232 


10 





30* 




BAUD 


24000) 




552 


01233 


07 


1 


301 




ST L 


5THCHU 




553 


U1234 


32 


1 


353 




bNL 


N'JHTST 




554 


01*35 


13 


1 


311 




EUR 


ALONbS 




555 


01236 


10 





310 




AUD 


NUHVUR) 




556 


01237 


37 





274 




STL 


R<4D 




557 


01240 


14 


1 


362 




LSH 


ACC 




560 


01241 


10 





274 




AUD 


RND 




561 


01242 


14 


1 


362 




Lt>H 


ACC 




562 


01243 


10 





274 




ADD 


RND 




563 


01244 


10 





300 


J 


ADD 


6THCMG) 




564 


01245 


12 





306 




BAND 


377) 




565 


01246 


10 





30t> 




BAUD 


2400U) 




566 


01247 


37 


1 


300 




STL 


6THCHG 




567 


01250 


32 


1 


353 




ENL 


NJMTST 




570 


01251 


13 


1 


311 




EOR 


ALONbS 




571 


01252 


10 





310 




ADD 


NUHVUR) 




572 


01253 


37 





274 




STL 


RND 




573 


01254 


14 


1 


36* 




LSH 


ACC 




574 


01255 


10 





274 




AUD 


R.ND 




575 


01256 


10 





277 


J 


ADD 


7THCHU) 




576 


01257 


12 





306 




BAND 


377) 




577 


01260 


10 





305 




BAUD 


24000) 




600 


01261 


37 


1 


277 




STL 


7THCHG 




601 


01262 


24 


1 


000 




H~N 






602 


















603 


01263 




00000 


ANLNT 


• • i 






604 


01264 


06 





274 




SDR 


RND 




605 


01265 


02 


1 


335 




C«B 


ANT 




606 


01266 


05 





274 




EUR 


RND 




607 


01*67 


23 


1 


26J 




CLJ 


ANLNT, I 




610 
















I 


611 


01270 


36 


1 


000 


RJPINS 


i KJP 


.1 


I 


612 


01271 


23 


1 


000 


cljoi 


CLJ 


.1 




613 


01272 




0000* 


INTLOC 


: OCT 


ANJN T 




614 


01273 




00100 


LSTINT 


OCT 


100 




615 


01274 




00000 


RND 


OCT 






616 


01275 




00100 


SP1NIT 


OCT 


100 




• 17 


01276 




00011 


TYPINT 


OCT 


DOCINT 



6TH CHANGE - IN ADJSPN 



7TH CHANGE - IN ADJSPN 



ANALOG INTERRUPT ROUTINE 
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620 







fcJE 


01277 


02133 


NKD 


01300 


02042 


WKD 


01301 


007U5 


WKD 


01302 


00664 


WKD 


01303 


00637 


WKD 


01304 


00625 


WKD 


01305 


24000 


wKD 


01306 


00377 


WKD 


01307 


00606 


WKQ 


01310 


00004 


WKQ 


01311 


02li>0 


WKD 


01312 


00714 


WKq 


01313 


00715 


WKD 


01314 


00712 


WKD 


01315 


007l.i 


*H\) 


01316 


00710 


WKD 


01317 


00711 


WKQ 


01320 


00706 


WKD 


01321 


0U707 


WKQ 


01322 


01720 


hKD 


01323 


01655 


wKD 


01324 


00505 


nHH 


01325 


00411 


WKD 


01326 


00524 


WKQ 


01327 


00430 


WKD 


01330 


00543 


WKD 


01331 


00447 


»KD 


01332 


00562 


WKD 


l>1333 


00466 


WKD 


01334 


007*2 


WKD 


01335 


00751 


WKD 


01336 


02162 


WKD 


01337 


02161 


WKD 


01540 


02160 


WKD 


01341 


0*lt>7 


WKD 


01342 


02155 


WKQ 


01343 


02154 


WKD 


01344 


0215.5 


WKQ 


01345 


C2152 


wkl; 
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01346 


01647 


hKD 


01347 


01462 


hHD 


01350 


01467 


NKU 


01351 


00404 


HKD 


01352 


00000 


MKD 


01353 


00401 


NMD 


01354 


02156 


MKD 


01355 


00010 


fcKD 


01356 


01464 


MKQ 


01357 


0040b 


hHU 


01360 


0126.3 


NKO 


01361 


024*3 


hKO 


01362 


00101 


NKD 


01363 


00100 


HKD 


01364 


00400 


MHD 


013*5 


00403 


UNO 


01366 


02421 


hKD 


01367 


34000 


hH£) 


01370 


0040* 


MHD 



I 

00 
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i 

CD 



621 






01400 


622 










623 










62« 










62$ 










626 


014U0 




ooooo 


627 


01401 


37 





064 


630 


01402 


42 


1 


317 


631 


01403 


11 





060 


632 


01404 


47 





066 


633 


01*05 


42 


1 


317 


634 


01406 


37 





065 


635 


014U7 


20 





022 


636 


01410 


42 





064 


637 


01411 


13 


1 


315 


640 


0l*l2 


27 





014 


641 


01413 


24 





014 


642 


01414 


20 





025 


643 


01415 


01 





315 


644 


01416 


01 





313 


645 


01417 


01 





065 


646 


01420 


27 





007 


647 


0i42i 


32 





066 


650 


U1422 


20 





042 


651 


01423 


32 





061 


652 


01424 


10 


1 


317 


653 


01425 


37 


1 


317 


654 


01426 


32 





061 


655 


01427 


10 


1 


314 


656 


01*30 


37 


1 


314 


657 


l>i44l 


32 





064 


660 


0l«32 


37 


1 


315 


661 


01433 


32 





066 


662 


01*34 


11 





065 


663 


014,55 


47 





066 


664 


01436 


10 





315 


665 


01437 


47 





olt> 


666 


01«i40 


42 





066 


667 


01*41 


10 





314 


670 


01*42 


37 





3i4 



OKG 0HIG1N»512 

THIS SUBROUTINE UPDATES THE STATISTICS TABLES 
AFTER EACH CONVERSION, IT POINTS HAVE BEEN READ 
CYCLES TIHES.PROGRAH GOES TO PRINT ROUTINE. 



STOKE 



COHPAR 



1STSTR 



SAVE 



S t l 
t*L 

sue 

S*L 
fcNL 
STL 
UP 
ENL 
EUrt 
PJP 
JMP 
UP 
UCR 
DCH 
UCR 
HJP 
bNL 
UP 
fcNL 
AUD 
S^ L 

fcNL 
ADD 
bTL 
fcNL 
STu 
fcNL 
SUB 
S'L 
ADD 
S'L 

fc'NL. 

ADD 



InPSAV 

LNOPUG.I 

020 

HtHCNT 

LNORUG.I 

RUGCNT 

iSTSTN 

1NPSAV 

LREDNG» I 

L*2 

L*2 

SAVE 

LREDNG 

LTREU 

RuGCNT 

COHPArt 

RfcMCNT 

NUROUM 

ONE 

LHURUG.I 

L*OKUG» 1 

ONE 

LFREU.I 

LFREU.I 

INPSAV 

LREDNG.I 

REHCNT 

HUUCNT 

KEMCNT 

LREDNU 

L*EDNG 

KtHCNT 

LFREU 

LFKfcU 



SAVE VALUE READ 

NuHBER OF READINGS ALREADY STORED 



FIRST READING OF A POINT 

HAS VALUE ALREADY BEEN STORED 7 



YES 
NO 



NO ROOH FOR ADDITIONAL VALUES 
NEW VALUE TO BE STORED 



INCREHENT FREQUENCY 



STORE VALUE 



ADJUST HEADING TABLE START TO NEXT VIOAR 



ADJUST FREQUENCY TABLE START TO NEXT VIDAR 



PAGE 17 

P-50 MARK II ANALOG INPUT STATISTICAL TEST (D17B-1) 



i 
to 

o 



671 


01443 


01 





317 


NOROOH 


DCR 


LNORDG 


672 


01444 


01 





062 




UCR 


FINCNT 


673 


01445 


27 





046 




►"JP 


L*2 


674 


01446 


24 





047 




JHP 


L*2 


675 


01447 


24 


1 


000 




kTn 




676 


01450 


36 


1 


366 


J 


KJ? 


AOJSKN 


677 


01451 


36 





?5t> 




hJP 


REINIT 


700 


01452 


32 





067 




fc*L 


TOTAUR 


701 


01453 


37 





062 




STL 


FINCNT 


702 


01454 


01 





064 




OCR 


PRTOUT 


703 


01455 


27 





056 




PJP 


L*2 


704 


01456 


36 





070 




KJP 


PRINT 


705 


01457 


24 


1 


000 




KTN 




706 
















707 


01460 




00024 


D20 


DEC 


20 


710 


01461 




ooool 


ONE 


OCT 


1 


711 


01462 




00000 


pincnt 


OCT 




712 


01463 




00000 


INPSAV 


OCT 




713 


01464 




00000 


PRTOUT 


UCT 




714 


01465 




ooooo 


RDGCNT 


OCT 




715 


01466 




00000 


REHCNT 


OCT 




716 


01467 




ooooo 


TOTAOR 


OCT 





NO ROOM FOR ADDITIONAL VALUES 



RECORD SPAN CALIBRATE POINT READINGS 
INITIALIZE TABLE POINTERS 

TOTAL NUMBER OF POINTS TO BE TESTED 
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P-5Q HARK II ANALOG INPUT STATISTICAL TEST (D17B-1) 



to 



717 
720 
721 
722 
723 
724 
725 
726 
727 
730 
731 
732 
733 
734 
735 
736 
737 
740 

741 
742 

743 
744 
745 
746 
747 
750 
751 
752 
753 
754 
755 
756 
757 
760 
761 
762 
763 
764 
76b 
766 



01470 
01471 
01472 
01473 
01474 
01475 
01476 
01477 
01500 
01501 
01502 
01503 
01504 
01505 

01506 
01507 

01510 
0i5n 
01512 
01513 
01514 

01515 
01516 
01517 
0li>20 
01521 
01522 
01523 
01524 
01525 
01526 
01527 
01530 
01531 
01532 
01533 



22 
32 
37 
36 
32 
37 
02 
42 
37 
32 
10 
37 
32 
37 
32 
10 
37 
32 
37 
32 
37 
42 
11 
47 
i? 
11 
37 
42 
46 

46 
42 
06 
16 
27 
46 



00000 
071 
365 
064 
364 
363 
254 
251 
362 
252 
361 
254 
253 
254 
245 
360 
254 
254 
253 
246 
317 

065 
06U 
317 
2*0 
317 
363 
317 
315 
357 
356 
314 
35? 
251 
1J4 
364 



WlDftD 



fcJE 



PRINT ,.. 
SLJ 

</ ENL 
ST L 
J RJP 

J ENL 

STL 
C"8 
ENL 
ST L 
ENL 
ADO 
S T L 
ENL 

STL 
ENL 
ADD 
STL 
ENL 
STL 
ENL 
ST L 
fcNL 
SU3 
STL 
ENL 
SUB 
STL 
VALFND ENL 
J hJP 

J HJP 

ENl 
KJP 
Kbr 1 . 
PJF 
KJP 



PNTHD 



THIS SUBROUTINE PRINTS OUT THE ACCUHULATED DATA 
FROH THE TABLES, THEN REINITIALIZES PROGRAH. 



L*l 

CYCLES 

PRTOUT 

CARRTN 

NUMTST 

VORCNT 

FRST 

VDRaUH 

SINGCT 

ADRTB-D 

VORCNT 

TEMP 

TEMP. I 

AORES 

BITAb-i) 

VDRCNT 

T6HP 

TEMP, I 

BIT 

LNORUG, I 

R'JGCnT 

D20 

LNORUG. 1 

EMPTY 

LNCRUG 

NUMTST 

LNOHuG 

LREDNG.I 

OUTPUT 

SPACER 

LFREU. I 

OUTPUT 

FRST 

AURFND 
CARRTN 



SET LOCKOUT 
INITIALIZE CYCLE COUNT 

OUTPUT CARRIAGE RETURN 
NUMBER OF VIDARS BEING TESTED 

SET FIRST LINE INDICATOR 

NUMBER OF POINTS/VIDAR BEING TESTED 



GAIN. WORD. CHANNEL OF READINGS 

BIT OF READINGS 

NUHBER OF READINGS AT THIS POINT 

NUMBER OF UNUSED READING LOCATIONS 

STARTING LOCATION OF NO. OF READINGS POINTER 

VALUE 

FREUUENCY 
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P-50 MARK II ANALOG If^PUT STATISTICAL TEST (D17B-1) 



i 
to 

to 



767 


01534 


24 





156 


JMP 


NEXT 


770 


01535 


36 


1 


356 


ADRFND HJP 


SPACER 


771 


01536 


03 





251 


SMB 


FRST 


772 


01537 


32 


1 


245 


fcNL 


AURES.I 


773 


01540 


36 


1 


357 


HJP 


OUTPUT 


774 


01541 


32 


1 


355 


J ENL 


SPACE 


775 


01542 


36 


1 


354 


J KJP 


CUT 


776 


01543 


36 


1 


356 


hJP 


SPACER 


777 


01544 


32 


1 


246 


ENL 


BIT.l 


1000 


01545 


36 


1 


357 


RjP 


OUTPUT 


1001 


01546 


32 


1 


355 


fcNL 


SPACE 


1002 


01547 


36 


1 


354 


HJP 


OUT 


1003 


01550 


36 


1 


364 


RjP 


CARR1N 


1004 


01551 


32 





245 


fcNL 


AORES 


1005 


01552 


10 





353 


J ADD 


D 


1006 


01553 


37 





245 


STL 


AORES 


1007 


01554 


32 





246 


ENL 


BIT 


lOlO 


0i555 


10 





353 


ADD 


1) 


1011 


01556 


37 





246 


S>Tl 


BIT 


1012 


01557 


01 





31* 


NEXT OCR 


LREDNG 


1013 


01560 


Ol 





313 


DCR 


LFREU 


1014 


01561 


01 





06*5 


DC* 


ROGCNT 


1015 


01562 


20 





163 


ZJP 


CNTN 


1016 


01563 


24 





123 


jnp 


VAIFND 


1017 


01564 


36 


1 


364 


CRTN HJP 


CARR1N 


1020 


01565 


32 





315 


ENL 


LREDNG 


1021 


01566 


11 





250 


SUB 


ErtPTY 


1022 


015.67 


11 





247 


SUB 


20DCN 


1023 


01570 


37 





315 


ST L 


L4EDNG 


1024 


01571 


32 





313 


ENL 


lfreu 


1025 


01572 


11 





250 


SUB 


E1PTY 


1026 


01573 


11 





247 


SUB 


20DCH 


1027 


01574 


37 





313 


STL 


LFREU 


1030 


01575 


02 





251 


C«B 


FRST 


1031 


01576 


01 





062 


DCR 


FINCNT 


1032 


01577 


20 





227 


iJP 


OOTFJN 


1033 


01600 


01 





252 


OCR 


SINGCT 


1034 


01601 


27 





113 


PJP 


PMTKU 


1035 


01602 


36 





255 


'nj? 


KdlNIT 


1036 


01603 


01 





2*4 


b'^n 


VURCNT 



CLEAR FIRST LINE INDICATOR 
GAIN. WORD. CHANNEL 



BIT 



ADJUST READING TABLE TO NEXT POINT OF VIDAR 

ADJUST FREQUENCY TABLE TO NEXT POINT OF VIDAR 

SET FIRST LINE INDICATOR 
OUTPUT FOR ALL VIDARS FINISHED 

PRINT DATA FOR NEXT POINT OF VIDAR 
INITIALIZE VALUE AND FREQUENCY POINTERS 
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P-50 MARK II ANALOG INPUT STATISTICAL TEST (D17B-1) 





1U37 


01604 


32 


1 


363 




ENL 


NUMTST 




1040 


01605 


11 





254 




SUB 


VDRCNT 




1041 


01606 


37 





253 




STL 


TEMP 




1042 


01607 


32 





317 




ENL 


LNOHOG 




1043 


01610 


11 





253 




SUB 


TEMP 




1044 


01611 


37 





317 




STL 


LNORDG 




1045 


01612 


32 





253 




ENL 


TEMP 




1046 


01613 


14 


1 


352 


J 


LSH 


ACC 




1047 


01614 


14 


1 


352 




LSh 


ACC 




1050 


U1615 


10 





253 




ADD 


TEMP 




1051 


01616 


14 


1 


352 




LSH 


ACC 




1052 


01617 


14 


1 


352 




LSH 


ACC 




1053 


01620 


37 





253 




ST L 


TEMP 




1054 


01621 


32 





315 




fcNL 


LREDNG 


1— » 


1055 


01622 


11 





253 




SUB 


TEMP 


h- 1 


1056 


016*3 


37 





31* 




STL 


LHEDNG 


to 


1057 


01624 


32 





313 




ENL 


LPREU 


03 


1060 


01625 


11 





253 




SUy 


TEMP 




1061 


01626 


37 





313 




STL 


lfreu 




1062 


01627 


24 





077 




JMP 


VIDRO 




1063 


01630 


36 





255 


OUTFIN 


KJP 


RE INI T 




1064 


01631 


36 





320 




hJP 


CLTAB 




1065 


01632 


32 





067 




fcNL 


TOTADR 




1066 


C1633 


37 





062 




STL 


F1NCNT 




1067 


01634 


24 


1 


070 




RTN 






1070 


















1071 


01635 




00411 


ADRTS 


OCT 


ADRTbl 




1072 


01636 




00430 




OCT 


A0RTB2 




1073 


C1637 




00447 




OCT 


ADRTaj 




1074 


01640 




00466 




OCT 


AGRTb4 




1075 


01641 




0050b 


BITAS 


OCT 


BITAbl 




1076 


01642 




00524 




OCT 


BlTAb2 




1077 


01643 




00543 




OCT 


BITA63 




1100 


01644 




00562 




OCT 


B1TAB4 




1101 


01645 




00000 


ADRES 


OCT 






1102 


01646 




00000 


BIT 


UCT 






1103 


01647 




00074 


20DC* 


OEC 


NUMVUR-1»20 




1104 


01650 




00003 


EMPTY 


OCT 






1105 


01651 




00000 


TRST 


OCT 






1106 


01652 




ooooc 


SINGCT 


UCT 





INITIALIZE NUMBER OF READINGS POINTER 



• 20 



SET READING POINTER FOR NEXT VlQAR 



SET FREQUENCY POINTER FOR NEXT VlQAR 
PRINT DATA FOR NEXT VIDAR 
OUTPUT FOR ALL VIDARS FINISHED 
CLEAR FREQUENCY TABLE TO ZERO 
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P-50 HARK II ANALOG INPUT STATISTICAL TES T CD17B-D 



1107 
1110 



01653 
01654 



00000 
00000 



TEMP UCT 
VD&LNT OCT 



i 
to 
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P-50 HAHK II ANALOG INPUT STATISTICAL T £ST (D17B-D 



i 
to 





1111 












fcJt 






1112 














THI 




1113 














PRO 




1H4 


















1115 


01655 




ooooo 


REIMT 


* ■ • 






1116 


01656 


36 


1 


351 


V 


KJP 


TlMEK 




1117 












DLE 


4-NUnVDHM 




1120 


01657 


32 





306 




ENL 


A0RFX4 




1121 


01660 


37 


1 


350 




STL 


LADR4 




1122 


01661 


32 


1 


347 




ENL 


BITFX4 




1123 


01662 


37 


1 


346 




S>TL 


LADR4-1 




1124 


01663 


32 





307 




ENL 


ADRFX3 




1125 


01664 


37 


1 


345 




STL 


LADR3 




1126 


01665 


32 


1 


344 




ENL 


faITFX3 




1127 


01666 


37 


1 


343 




STl 


LAQR3-1 




1130 


U1667 


i2 





310 




ENL 


AJRFX2 




1131 


01670 


37 


1 


34i> 




S"L 


HDR* 




1132 


0167! 


32 


1 


341 




ENL 


BITFX2 




1133 


01f72 


37 


1 


340 




ST L 


LADR*-1 




1134 


Ult-73 


32 





311 




ENl 


ADKFX1 




1135 


01O74 


37 


1 


337 




STL 


LADKl 




1136 


01h75 


32 


1 


336 




ENL 


bITFXl 




1137 


Ult>76 


37 


1 


335 




b T L 


HDR1-1 




114D 


01*77 


32 





3l<! 




t>- 


F*-ai IX 




1141 


U17Q0 


37 





3li 




5>*u 


LFRfcU 




1142 


U1701 


32 





314 




ENL 


NORFIX 




1143 


01702 


37 





317 




S>TL 


LNORUG 




1144 


01703 


32 





316 




ENL 


RDGFIX 




1145 


01704 


37 





315 




STL 


L«EDNG 




1146 


01705 


24 


1 


255 




KTN 






1147 


















1150 












DLE 


4-NUMVDR 


I 


1151 


01706 


34 


1 


067 


ADRFX4 


OUT 


A0RTa4»l»I 


I 


1152 


01707 


34 


1 


050 


ADRFX3 


OUT 


AURTB3*1.I 


I 


1153 


01710 


34 


1 


031 


AD&FX2 


OUT 


AtiftTb2*l, I 


I 


1154 


0l7n 


34 


1 


012 


ADPFXi 


OUT 


ADRTdi*i , I 




1155 


01712 




07107 


FROFIX 


UCT 


FRONCY 




1156 


01713 




07107 


LFREO 


OCT 


FRQNCY 




1157 


01714 




02605 


NORFIX 


UCT 


NORUli 




1160 


01715 




02605 


LREUNG 


OCT 


NORDli 



THIS SUBROUTINE GOES TO TIMER, THEN REINITIALIZES 
PROGRAM TO START READING FIRST POINT ON EACH VIDAR. 



TIME DELAY 

INITIALIZE OUTPUT COMMANDS 



INITIALIZE LOCATION OF FHeSUENCY TABLE 
INITIALIZE LOCATION OF NUMBER OF READINGS 
INITIALIZE LOCATION OF VALUE TABLE 
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P-50 HARK I! ANALOG INPUT STATISTICAL TEST <D17B-1> 

1161 01716 04746 RQGFIX OCT HEOIMG 

1162 01717 04746 LNOhOG OCT REDl"G 



i 
to 

OS 
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P-50 HARK I] ANALOG INPUT STATISTICAL TEST (D17B-1) 





L163 












EJE 






L164 


















L165 


















L166 


















L167 


01720 




00000 


CLTAB 


( 






1170 


01721 


32 


1 


334 


VCLFt 


ENL 


/EKu 




L171 


01722 


47 


1 


3l4 




b T L 


LFHfcU.I 




L172 


01723 


32 





314 




ENL 


LTHfcU 




L173 


01724 


14 


1 


344 


J 


EOh 


doNTo 




L174 


01725 


in 





3*7 




UP 


L*4 




L175 


01726 


01 





314 




DCH 


LFrttU 


(-• 


L.176 


01727 


24 





320 




JW 


CLH 


1 ' 


L177 


01730 


32 





312 




ENL 


FRQF1X 


to 


L200 


01731 


37 





313 




ST L 


LFRfcU 




1201 


01732 


24 


1 


320 




HTn 





THIS SUBROUTINE CLEARS ALL ENTRIES IN FREQUENCY 
TABLE. VALUE TABLE, NO, READINGS TABLE TO ZERO. 
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P-50 MARK II ANALOG INPUT STATISTICAL T tST (D17B-1) 
1202 



i 
to 

00 







fcJE 


01733 


02473 


NKD 


01734 


0*467 


MHQ 


01735 


00714 


NKD 


01736 


007b2 


NKD 


01737 


0071!> 


nkd 


01740 


00712 


NKD 


01741 


00761 


NKfl 


01742 


00713 


kKD 


01743 


0071U 


NKD 


01744 


0076U 


ftKD 


01745 


00711 


NKD 


01746 


00706 


N«D 


01747 


00757 


NKQ 


01750 


00707 


NKD 


01751 


02400 


nKD 


01752 


00101 


NKD 


01753 


00001 


n*D 


01754 


02420 


n«d 


U1755 


02511 


NKD 


01756 


02451 


NKD 


01757 


02425 


NKD 


01760 


01640 


nkd 


01761 


01634 


nKD 


01762 


00404 


NKD 


01763 


00401 


NKD 


01764 


02461 


NKD 


01765 


0040* 


wKD 


01766 


02000 


nKD 
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P-50 "ARK II ANALOG INPUT STATISTICAL TEST (D17B-1) 



i 

to 

CD 



1*03 






02000 


1*04 










1205 










1206 










1207 










1210 










1211 


02000 




00000 


1212 


02001 


32 


1 


177 


1213 


02002 


20 





003 


1214 


02003 


24 


1 


000 


1215 


02004 


03 





151 


1216 










1217 


02005 


32 


1 


176 


1220 


02006 


27 





007 


1221 


02007 


11 





175 


1222 


02010 


13 





150 


1223 


02011 


10 





152 


1224 


02012 


37 





152 


1225 


02013 


32 


1 


174 


1226 


02014 


27 





015 


1227 


02013 


11 





175 


1230 


02016 


13 





150 


1231 


02017 


10 





153 


1232 


02020 


37 





153 


1233 


02021 


32 


1 


173 


1234 


02022 


27 





023 


1235 


02023 


11 





175 


1236 


02024 


13 





150 


1237 


02025 


10 





154 


1240 


02026 


37 





154 


1241 


02027 


32 


1 


172 


1242 


U2030 


27 





031 


1243 


02031 


11 





175 


1244 


02032 


13 





150 


1245 


02033 


10 





155 


1246 


02034 


37 





155 


1247 


D203t> 


01 





156 


1250 


02036 


20 





037 


1*51 


02037 


24 


1 


000 


1252 


U2040 


J2 





171 



UHG 0RIG1N*768 

THIS SUBROUTINE AVERAGES a 
POINT AND ADJUSTS THE SPAN 
TO THIS AVERAGE. IT PRINTS 
DESIRED. 



READINGS PRON THE SPAN 
SETTING ACCORDING 
SPAN SETTINGS IF 



ADJSPN 



• ' 1 

ENL SPNSfcT 




ZJP L*2 




hTN 




SM ri SIND 


SET SPAN ADJUST INDICATOR 


DLE 4-NUHVDR-6 


ADD READINGS TO SPAN CHECK WORD 


ENL SAVE4 




PJP L*2 




SUB 1) 




fcOR ALONfcS 




ADD SPAN4 




STL SPAN- 




EN' U SAVS.J 




PJP L*2 




SUB i) 




EUR ALONfcS 




ADD SPAN,} 




STL SPAN4 




ENL SAVE* 




PJP L*2 




SUB 1) 




EOR ALONfcS 




ADD SPAN2 




STL SPAN2 




ENL SAVEl 




PJP L*2 




SUB 1) 




EOR ALONES 




ADD SPANl 




STL SPANl 




DCR SPNCNT 


ADJUST SPAN EVERY 8 READINGS 


*JP L*2 




HTN 




EN'. 6) 





PAGE 
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P-50 HARK II ANALOG INPUT STATISTICAL 'EST (D17B-1) 



i 

o 



1253 


02041 


47 





Ibt 


S T L 


SPNCNT 


1254 


0*042 


24 





042 


6THCHG JHP 


L*l 


1255 










OLE 


4-NUHVDR«7 


1256 


02043 


16 





1S2 


HbH 


SPAN* 


1257 


02044 


16 





152 


HbH 


SPAN4 


1260 


02045 


16 





15* 


KSH 


SPAN4 


1261 


02046 


16 





15* 


HSH 


SPAN4 


1262 


02047 


16 





15* 


KSH 


SPAN4 


1263 


U2050 


20 





051 


ZJP 


1*2 


1264 


02051 


02 





05.S 


C«B 


L*2 


1265 


02U52 


16 





154 


HbH 


S^ANJ 


1266 


0*053 


16 





154 


HbH 


SPAN,) 


1267 


U2054 


16 





154 


HbH 


SPANi 


1270 


0*055 


16 





154 


HbH 


SPANJ 


1271 


02056 


16 





154 


HbH 


SPANJ 


1272 


02U57 


20 





060 


UP 


L*2 


1273 


02060 


02 





1*1 


C"8 


SINO 


1274 


02061 


16 





15* 


KSH 


SPAN* 


1275 


02062 


16 





15* 


HbH 


SPAN* 


1276 


02063 


16 





154 


KSH 


SPAN* 


1277 


02064 


16 





154 


HbH 


SPAN* 


1300 


02065 


16 





154 


HbH 


SPAN* 


1301 


02066 


20 





06^ 


U? 


L*2 


1302 


02t67 


02 





151 


CMtJ 


SIND 


1O03 


02070 


16 





155 


KSH 


SPANl 


1304 


02071 


16 





155 


HSH 


SPANl 


1305 


02072 


16 





I5t> 


KSH 


SPANl 


1306 


02073 


16 





15!> 


KSH 


SPANl 


1307 


02074 


16 





15S 


NbH 


SPANl 


1310 


02075 


20 





076 


UP 


1*2 


1311 


02076 


02 





151 


c«a 


SIND 


1312 


02077 


16 





151 


HbH 


SIND 


1313 


02100 


27 





101 


PJP 


L*2 


1314 


02101 


24 





121 


JK.P 


SOUT 


1315 










u-£ 


4-NUHVURM 


1316 


02102 


32 





152 


ENL 


SPAN4 


1317 


02103 


10 





157 


ADO 


SPMRU4 


1320 


02104 


12 





170 


J BAND 


177) 


1321 


02105 


47 





1*7 


STL 


SPWRU4 


1322 


02106 


32 





154 


ENL 


SPAN,* 



REPLACEABLE DURING INITIALIZATION 
CHECK TOR SPAN ADJUST ON EACH VIDAR 



CHECK SPAN ADJUST INDICATOR 

NO SPAN ADJUSTMENT NEEDED 
MODIFY SPAN HQRDS 
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1423 


021U7 


10 





160 




ADD 


SPWRU3 




1424 


02110 


12 





170 




8AND 


177) 




1425 


02111 


47 





lt>0 




S T L 


SPWRU3 




1426 


02112 


42 





154 




6N5. 


SPAN2 




1427 


02113 


10 





161 




AUD 


SPWRU2 




1430 


02114 


12 





170 




Sand 


177) 




1331 


02115 


37 





161 




S'l 


SPWRD2 




1432 


02116 


42 





155 




fcNL 


SPAM 




1433 


02117 


10 





162 




ADO 


SPWRU1 




1334 


02120 


12 


c 


170 




BAND 


177) 




1335 


02121 


37 





162 




S~!_ 


SPWRU1 




1336 


02122 


42 





167 


,/SOUT 


ENL 


0> 




1437 












DLE 


4-NUMVDR 




1440 


02123 


37 





152 




s>:_ 


SPAN4 




1441 


02124 


47 





154 




b T L 


SPAN.* 


(-■ 


1442 


02125 


47 





154 




S»Tl 


SPAN2 


I 


1443 


02126 


47 





155 




S'i. 


SPAN1 


CO 


1444 


02127 


42 


1 


166 


J 


ENL 


SPNPKT 




1445 


02130 


20 





131 




ZJ = 


L*2 




1446 


02131 


24 


1 


OOu 




K"\ 






1447 


02132 


46 


1 


165 


J 


HJP 


CARRTN 




1350 


02133 


24 





133 


7THCHG 


; j*b 


'-♦1 




1451 












D"-E 


4-NUlVQR 




145? 


02134 


32 


c 


157 




EN'L 


SPWftu* 




1453 


02135 


36 


± 


164 


J 


Wjo 


OUTPUT 




1454 


02136 


46 


1 


163 


J 


HJP 


SPACER 




1455 


02137 


42 





160 




ENL 


SPHRU3 




1356 


02140 


46 


1 


16* 




RJ3 


OJ'PUT 




1457 


02141 


46 


1 


16.J 




KJP 


SPACfe« 




1460 


02142 


42 





161 




ENL 


SFWRU2 




1461 


02143 


36 


4 


164 




KJP 


OUTPUT 




1362 


021*4 


06 


4 


163 




KJP 


SPACER 




1464 


02l<5 


42 





16c 




ENL 


SP*Rui 




1364 


02146 


36 


4) 


164 




KJP 


OUTPUT 




1365 


02147 


24 


*. 


COO 




H T N 






1466 


















1467 


02150 




3: 


???/ 


ALONES 


UC 


37777 




1470 


02151 




OQOQu 


SJNU 


'JC 






1371 












DLE 


4-NUMVDR 




147* 


02152 




00000 


SPAN4 


uc 





00 NOT PRINT SPAN SETTINGS 

REPLACEABLE DURING INITIALIZATION 
PRINT SPAN SETTINGS 
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to 



1373 


02153 


00000 


SPAN3 


UCT 


147* 


021*4 


oooou 


SPAN2 


OCT 


1«»75 


02155 


00000 


SPAM 


UCT 


1476 


0*156 


oooou 


SPNCNT 


OCT 


1*77 








ULE 4-NUMVOP. 


1400 


02157 


00000 


SP*KD4 


OC* 


1^01 


02160 


0000G 


SPWKUJ 


OC T 


1402 


02161 


oooou 


SPhHU2 


OC T 


1403 


02162 


ouooo 


SPWKDl 


OC 
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co 







tJE 


02163 


02451 


*KD 


02164 


02425 


*KD 


02165 


02461 


hKD 


02166 


00410 


MKD 


02167 


00000 


*HD 


02170 


00177 


NKD 


02171 


00010 


mKD 


02172 


00756 


hKD 


02173 


00755 


hKD 


02174 


00754 


HKD 


02175 


00001 


MKD 


02176 


00754 


mKD 


02177 


00407 


MKQ 



»A3i li 
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CO 



H05 






02400 




0*3 


ORIGH 


1406 
















1407 
















1410 
















1411 
















1412 


02400 




ooooo 


TIHER 


• ■ 1 




1413 


02401 


32 


1 


115 


J 


fcN L 


CYCTIM 


1414 


02402 


20 





013 




*JP 


NOTD 


1415 


02403 


37 





017 




STL 


T2 


1*16 


02404 


32 





114 


J 


fcNL 


4000) 


1417 


02405 


37 





016 




ST L 


Tl 


1420 


02406 


32 





016 


TNTH 


fcNL 


Tl 


1421 


02407 


37 





015 




STL 


DCNT 


1422 


02410 


01 





015 




&CR 


DCNT 


1423 


02411 


27 





007 




PJP 


L-l 


1*24 


02412 


01 





017 




DCR 


T2 


1«25 


02413 


27 





005 




PJP 


TNTH 


1426 


02414 


24 


1 


000 


NOTQ 


RTN 




1427 
















1430 


02415 




ooooo 


DCNT 


OCT 




1431 


02416 




07640 


Tl 


DEC 


4000 


1432 


02417 




ooooo 


T2 


OCT 





THIS SUBROUTINE IS ENTERED BETWEEN SUCCESSIVE 
READING!) OF THE LIST OF POINTS. IT DELAYS 
CYCTIM«1/10 SECOND. THEN RETUMNS, 



1/10 SECOND DELAY 
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i 

CO 

01 



1433 
1434 
1435 
1436 
1437 
1440 
1441 
1442 
1443 
1444 
1445 
1446 
1447 
1450 
1451 
1452 
1453 
1454 
1455 
1456 
1457 
1460 
1461 
1462 
1463 
1464 
1465 
1466 
1467 
1470 
1471 
1472 
1473 
1474 
1475 
14/6 
1477 
15()0 
1^01 
1*02 



02*120 0U000 

02421 34 OOu 

02*22 23 D^ 

02*23 Ul 1 :u 

02*2* £<> 1 0*0 



02*25 
024<?t> 
02427 
02*30 
02431 
02432 
02*33 
02434 
02435 
02436 
0**37 
02*40 
U2441 
02442 
02443 
02*44 
02*45 
02446 
02447 
02450 



02451 
02452 



37 
32 
37 
14 
14 
02 
12 
10 
37 
62 
36 
14 
14 
14 
32 
12 
Ul 
27 
24 



oooou 

077 
71 
074 
077 

0'/ 
077 
07U 
075 
076 
07o 
020 
077 
077 
07 7 
077 
07* 
074 
034 
023 



OUT 



eJE 



out liucour 

CLJ L*l 
UC3 PC 



INTKTn w r N 



OUTPUT 



OTLOP 



THIS SUBROUTINE OUTPU T S 1 CHAHACTER To THE 
DOCUMENT DEVICE 



CLEAR LOCKOUT 
*A1T FOR INTERRUH T 



THIS SUBROUTINE OUTPUTS TH t 5 L'C'al DIGITS 
Of THE ACCUMULATOR TO THE UOi -jr-i V DfcVlCE BY 
USING OUT. . . 



»:L 
tNL 
bTL 
LSH 
LSH 
ENL 
AND 

ADD 
bT L 
ENL 
RJP 
LSH 
LSH 
LSH 

fcNL 
AND 
OCR 
f*JP 
hTN 



OUTSAV 

D5 

CnT 

OUTSAV 

OUTSAV 

OUTSAV 

2BITS 

LCODfc 

LUOKUH 

LOOKUP, I 

OUT 

OUTSAV 

OUTSAV 

OUTSAV 

UUTSaV 

3*ITS 

CNT 

OfLOK 



FIND CHARACTER OUTPU T cul't 



OUTPUT CHARACTER 



THIS SUBROUTINE OUTPUTS 3 SPACES TO TM6 
DOCUMENT DEVICE BY USING Ou' ■ , , 



00000 
32 C 0^0 



SPACER , , , 
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CO 

05 



1*03 


02453 


37 


074 




b T L 


CNT 






1504 


02454 


32 


111 




t*L 


SPACfe 




PICK UP CHARACTER OU 


1505 


02455 


36 


020 




hJP 


OUT 




OUTPUT CHARACTER 


1506 


02456 


01 


074 




DCR 


CNT 






1507 


02457 


27 


053 




PJP 


L-3 






1510 


02460 


24 


1 051 




N^N 








1511 












1 


rHis 


SUBROUTINE OUTPUTS A 


1512 












AND 


LINE FEED TO THE DOCUM 


1513 


















1514 


02461 




00000 


CARMTN 


t • t 








1515 


02462 


32 


11U 




ENL 


CARRGE 




CARRIAGE RETURN 


1516 


02463 


36 


020 




hJP 


OUT 






1*17 










DLE 


1-ASK*2 






1520 


02464 


32 


112 




ENL 


LP 




LINE FEED 


1521 


02465 


36 


020 




KJP 


OUT 






1522 


02466 


24 


1 061 




KTN 








1523 


















1524 


02467 




00000 


ZERO 


OCT 









1525 


02470 




00003 


03 


DEC 


3 






1526 


02471 




00005 


D5 


DEC 


5 






1527 






02470 


2BITS 


STN 


03 






1530 


02472 




00007 


38ITS 


OCT 


7 






1531 


02473 




02516 


BGNTB 


OCT 


TABEND 






1532 


02474 




00000 


CNT 


OCT 








1533 


02475 




02500 


LCOOE 


OCT 


CODE 






1534 


02476 




00000 


LOOKUP 


OCT 








1535 


02477 




00000 


OUTSAV 


OCT 








1536 










DLE 


3*ASK 




SELECTRIC CODE TABLE 


1542 








CAD 


VFD 


1»2.4>3< 


>5 




1543 










DLE 


1-ASk»H 


ASR CODE TABLE 


1544 


02500 




03000 


CODE 


CAD 


O.Q.6.0i 


>0 




1545 


02501 




13040 




CAD 


0.2.6.1, 


,0 




1546 


02502 




13100 




CAD 


0.2.6.2, 


.0 




1547 


U2503 




03140 




CAD 


0.0*6.3i 


,0 




1550 


02504 




13200 




CAD 


0.2.6.4, 


.0 




1551 


02505 




03240 




CAD 


0<0.6»5, 


>0 




155* 


U250O 




03300 




CAD 


0.0.-6.6, 


,0 




1553 


0t507 




13340 




CAD 


0.2.6.7, 


.0 




1554 


02i>i0 




10640 


CAKHGE 


SAD 


0.2.1.5, 


>0 




1555 


02m 




12350 


SPACE 


CAD 


0.2.4.0, 


,0 





CARRIAGE RETURN 
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CO 

-a 



1556 


02512 


00500 


LF 


CAD 0.0,1.2.0 


1557 








bbN 




02513 


00000 




I.KO 




02514 


07640 




»KD 




02515 


00406 




hKD 
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* 5 *0 TAHfcND KHT NUMVDR»14 

1561 02516 00000 OCT 

1562 0*603 NORDG J»YN L-l 

I 5 * 3 04746 REDING t>YN 14«20»NUMVDH»N0RDG*1 

1*64 07107 FRQNCY SYn 14«2U»NUH VQR^RED 1 NG*1 

1*65 00000 END 



i 

00 



ANALOG INPUT SCANNER TEST (D18B) 

I. Purpose of Test 

To read a variable number of analog points on up to four vidars and to print each 
input point which results in an out-of-limits reading. 

II. Description of Test 

The program reads an analog point on each vldar, then checks to see if the values 
are within the allowed tolerance. If a value is out-of-limlts, a message in the 
following format will be printed on the ASR set, and the program continues. 

READING IS aaaaa AT POINT bbcc ddddd 

where aaaaa = actual reading 

bbcc ddddd = analog point 
bb is the word 
cc is the channel 
ddddd is the bit (one bit set). 

Bits 0-13 of each word specified at initialization are checked. After all points 
have been read CYCLES (specified at initialization) times, the following message 
is printed on the ASR set, and the program restarts. 

ANALOG SCANNER TEST COMPLETE 

III. Description of Operation 

A. Read in the binary tape of the Analog Scanner Test using the bootstrapped 
binary loader. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the 
binary loader (7602s, 17602g, 27602g, or 37602g); depress the Start 
button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Place the binary tape under the tape reader. 

5. Turn on reader. 

6. Depress the Start button. 

B. Enter the test parameters. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the S-Register with the parameter location. 
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3. Using the probe, load the X- Register with the parameter constant; de- 
press the Start button. 

4. Repeat 2 and 3 until all the following parameters have been entered. 
Location Preset Description 



60008 



AN LINT 



Analog conversion complete interrupt 

location 
No. vidars to be tested 
ASR output channel 

ASR output complete Interrupt location 
Last output channel to be used 
Span select and gain 
Span reset 

Desired bit value of points read 
Allowable deviation from value 
Maximum no. words to be read on any 

vidar 
No. cycles before end message 

No. words to be read on vidar 1 
Words to be read on vidar 1 

Word no. in bits 11-6 
No. words to be read on vidar 2 
Words to be read on vidar 2 
No. words to be read on vidar 3 
Words to be read on vidar 3 
No. words to be read on vidar 4 
Words to be read on vidar 4 



C. Start the test. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Reglster with the starting location of the 
test (60128); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button; depress 
the Start button. 

D. The test runs continuously, scanning each point and printing out-of-limits 
errors. 

VI. Storage 

The program uses 1403s locations. (60008-74028) 
V. Run Time 

Recommended run time: 1/2 hour. 



60018 




NUMTST 


4 


6002 8 




ASRCHN 





60038 




ASRINT 


"8 


60048 




MAXCHN 


77 8 


60058 




SPNSEL 


201008 


60068 




SPNRST 


200 8 


60078 




VALUE 





6010s 




DEV 


5 


60118 




N0PTS 


32io 


6012 8 




CYCLES 


1008 


7177s 




CTR1 





72008-72378 


VIDAR1 





7240 8 




CTR2 





724l 8 -73008 


VIDAR2 





73018 




CTR3 





7302 8 - 


73418 


VIDAR3 





7342 8 




CTR4 





73438- 


74028 


VIDAR4 
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1 PROGRAM TITLES P-50 NARK II ANALOG 1 -PUT SCANNER TEST (D18BI 

2 

3 OATEI MARCH 1,1966 

4 

5 SOURCE COMPUTER! P-500. SYSTEMS LAB. MfeSAP 50/500 

6 OBJECT COMPUTERI P-50 MARK H SERIES 
7 

10 PROGRAMMER! C.VETTER 

11 

12 ABSTRACT! SEE DESCRIPTION OF SAME CODE NUMBER AVAILABLE 

13 FROM C.S.D, CHIEF DRAFTSMAN. 
14 

15 CODING! NOT STNDRD1 - REVISION OF Dj-8a PROGRAMMED ORIGINALLY 

16 PRIOR TO STNDRDi, 



to 
i 

CO 
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17 
20 
21 
22 
23 
24 
25 
26 
27 
30 
31 
32 
33 



EJE ASSEMBLY PARAMETERS 









THE FOLLOWING 


00002 


ANINT fcOU 


2 


ANALOG CONV 


00004 


NUHVDR EQU 


4 


NAXIHUM NO. 


00000 


DOCOUT EOU 





DOCUMENT DE 


00011 


D0CINT8E0U 


11 


DOCUMENT D6 
THE FOLLOWING 


06000 


0RIGIN8EQU 


6000 


PROGRAM OR! 


00016 


VDRCH18E0U 


16 


SPAN AND GA 


00036 


VDRCH28EQU 


36 


SPAN AND GA 


00056 


VQRCH3BEQU 


56 


SPAN AND GA 


00076 


V0RCH48EQU 


76 


SPAN AND GA 



MAY BE CHANGED AT HUN TIME 
ERSION COMPLETE INTERRUPT LOCATION 

VIDARS TO BE TESTED 
VICE OUTPUT CHANNEL 
VICE OUTPUT COMPLETE INTERRUPT LOCATION 

MAY NOT BE CHANGED EXCEPT BY REASSEMBLY 
GIN 

IN AND INPUT CHANNEL FOR VIDAR 1 
IN AND INPUT CHANNEL FOR VIDAR 2 
IN AND INPUT CHANNEL FOR VIDAR 3 
IN AND INPUT CHANNEL FOR VIDAR 4 



Ins 

i 
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3« feJE 

35 UNL 

36 06000 OHG ORIGIN 

37 THE following ARE INPUTS AT run time 

40 06000 00002 ANLINT OCT ANIN1 ANALOG INPUT CONVERSION COMPLETE INTERRUPT LOCATIUN 

41 ut) 001 00004 NUMTST OCT NUMVDR NUMBER OF VJDARS TO BE TESTED 

42 06002 00000 ASRCHN OCT DOCOUT ASK OUTPUT CHANNEL 

43 06003 00011 ASRJNT OCT DOCJNT ASR OUTPUT COMPLETE INTERRUPT LOCATION 

44 06004 00077 MaXCHN OCT 77 LAST OUTPUT CHANNEL TO BE USED 

45 06005 20100 SPNSEL OCT 20100 SPAN SELECT AND GAIN 

46 U6006 00200 SPNRST OCT 200 SPAN RESET 

47 06007 00000 VALUE OCT DESIRED BIT VALUE OF POINTS READ 

50 06010 00005 DEV OCT 5 ALLOWABLE DEVIATION FROM VALUE 

51 ° 6011 00040 NOPTS DEC 32 MAXIMUM NO. WORDS TO BE READ ON ANY VIDAR 

52 06012 00100 CYCLES OCT 100 NO, CYCLES BEFORE PRINTOUT OF END MESSAGE 



to 
i 
en 
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to 
i 

OS 



53 












fcJE 






54 














SET 


INTERRUPTS 


55 


06013 


22 





013 




SLJ 


L*l 


SET LOCKOUT 


56 


06014 


32 





377 


J 


BENL 


100) 


STOKE IGNORE INTERRUPT 


57 


06015 


37 





312 




STL 


LSTINT 




60 


06016 


32 





224 




ENL 


CLJ01 




61 


06017 


37 


1 


312 




STL 


LSTINT, I 




62 


06020 


01 





312 




OCR 


LSTINT 




63 


06021 


27 





016 




PJP 


L-2 




64 


06022 


23 





022 




CLJ 


L*l 


CLEAR LOCKOUT 


65 


06023 


32 





000 


SETINT 


ENL 


ANLINT 


STOKE ANALOG INTERRUPT 


66 


06024 


10 





376 


J 


ADD 


65) 




67 


06025 


37 





322 




STL 


TEMP 




70 


06026 


13 





320 




cUR 


RJPX 




71 


06027 


37 


1 


000 




STL 


ANLINT, I 




72 


06030 


32 





375 


J 


fcNL 


INTRTN) 




73 


06031 


37 


1 


322 




STL 


TEHP,I 




74 


06032 


32 





00<* 




cNL 


ASRINT 


STOKE ASR INTERRUPT 


75 


06033 


10 





376 




ADD 


65) 




76 


06034 


37 





322 




STL 


TENP 




77 


06035 


13 





320 




EUR 


RJPX 




100 


06036 


37 


1 


003 




STL 


ASRINT, I 




101 


06037 


32 





374 


<l 


ENL 


ASRIN) 




102 


06040 


37 


1 


322 




STL 


TEHP,I 




103 














SET 


ASR CHANNEL 


104 


06041 


32 





002 


SETCHN 


ENL 


ASRCHN 




105 


06042 


13 





317 




EUR 


OUTX 




106 


06043 


37 


1 


373 


J 


STL 


OASR 





PAGE 5 

P-50 MARK II ANALOG InPUT SCANNER TEST CD18B) 





107 








- 




EJE 








110 














SET 


JUMPS 




111 


06044 


32 





001 


SETJMP fcNL 


NUMTST 


IN PRETES 




112 


06045 


13 





372 


J 


8E0R 


37777) 






113 


06046 


10 





371 


•1 


ADD 


NUMVDR) 






114 


06047 


10 





370 


J 


ADD 


GSPN) 






115 


06050 


12 





367 


J 


BAND 


377) 






116 


U6051 


10 





366 


J 


8ADD 


24000) 






117 


06052 


37 





072 




STL 


GSPN 






120 


06053 


32 





001 




ENL 


NUMTiT 


IN OUTINT 




121 


06054 


13 





37* 




8E0R 


37777) 






122 


06055 


10 





371 




ADD 


NUMVDR) 






123 


06056 


14 


1 


376 




LSH 


ACC 






124 


06057 


14 


1 


376 




LSH 


ACC 






125 


06060 


10 





365 


J 


ADD 


OUTINT) 






126 


06061 


12 





367 




BAND 


377) 






127 


06062 


10 





366 




8ADD 


24000) 




1 

-5 


190 


06063 


37 





115 




STL 


OUTINT 
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131 












EJE 






132 
















PRETEST: OUTPUT GAIN AN 


133 


06064 


32 





006 


PRETST 


ENL 


SPNRST 




134 


06065 


44 





016 


OA 


OUT 


VDRCM1 




135 


06066 


32 





364 


J 


ENL 


100) 




136 


06067 


01 


1 


376 




OCR 


ACC 




137 


06070 


27 





066 




PJP 


L-l 




140 


06071 


32 





005 




ENL 


SPNSfcL 




141 


06072 


24 





072 


GSPN 


JHP 


L*l 


REPLACEABLE DURING 


142 


06073 


34 





076 


OB 


OUT 


VDRCH4 




143 


06074 


44 





056 


oc 


OUT 


VDRCMJ 




144 


06075 


34 





036 


00 


OUT 


VDRCM2 




145 


06076 


34 





016 


OE 


OUT 


VDRCM1 




146 
















BEGIN TEST 


147 


06077 


46 


1 


363 


VANITST 


HJP 


INJTL 


INITIALIZE 


150 


06100 


02 





250 


SETUP 


CHB 


IGNORE 


SET FIRST READING 


151 


06101 


03 





246 




S»HB 


END 


CLEAR END OF CYCLE 


152 


06102 


32 





Oil 




ENL 


NOPTS 


STORE NUHBER OF PQ 


153 


06103 


37 





251 




STL 


INDEX 




154 


06104 


32 





012 




ENL 


CYCLES 




155 


06105 


37 





245 




STL 


CYCNT 




156 


06106 


32 





007 




ENL 


VALUfc 




157 


06107 


11 





010 




SUB 


DEV 




160 


06110 


11 





362 


J 


SUB 


1) 




161 


06111 


37 





311 




STL 


LOLIN 


LOW LIMIT 


162 


06112 


32 





007 




ENL 


VALUfc 




163 


06113 


10 





010 




ADD 


OEV 




164 


06114 


37 





247 




STL 


HILIN 


HIGH LIMIT 


165 
















OUTPUT - INPUT ROUTINE 


166 


06115 


24 





115 


OUTINT 


JMP 


L*l 


REPLACEABLE DURING 


167 


06116 


30 





076 


IA 


INT 


V0RCH4 




170 


06117 


37 





313 




STL 


NVAL4 




171 


061*0 


32 





222 




ENL 


BIT 




172 


06121 


44 


1 


305 




OUT 


L0C4. I 




173 


06122 


30 





056 


IB 


INT 


VDRCH3 




174 


06123 


37 





314 




STL 


NVAL4 




175 


06124 


32 





222 




ENL 


BIT 




176 


06125 


34 


1 


306 




OUT 


L0C3.I 




177 


06126 


30 





036 


!C 


INT 


V0RCH2 




200 


06127 


37 





315 




STL 


NVAL2 





INITIALIZATION 



INDICATOR 

INDICATOR 
INTS TO BE READ 



INITIALIZATION 
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P-50 1ARK II ANALOG INPUT SCANNER TEST \0188) 

201 06130 32 222 ENL BIT 

202 06131 34 l 307 OUT L0C2.1 

203 06132 30 016 ID INT V0RCH1 

204 06133 37 316 STL NVAL1 

205 06134 32 222 t*L BIT 

206 06135 34 1 310 OUT LCC1»I 

207 06136 32 361 VTRIGER8ENL 400) 
210 06137 34 016 CUT VDRCX1 



to 
i 

CO 



PAGE 8 

°-50 HARK II ANALOG INPUT SCANNER TEST ID18B) 



to 

© 



211 










EJE 




212 














213 


06140 


32 





250 


CKLIM ENL 


IGNOKE 


214 


06141 


27 





162 


PJP 


ENTLUC 


215 


06142 


32 





360 


4 ENL 


NVALD 


216 


06143 


37 





323 


STL 


VAL 


217 


06144 


32 





357 


J ENL 


INTPT1 


220 


06145 


37 





252 


STL 


INT 


221 


06146 


32 





001 


ENL 


NUMTST 


222 


06147 


37 





244 


STL 


COUNT 


223 


06150 


32 


1 


323 


LIHIT ENL 


VAL.l 


224 


06151 


11 





311 


SUB 


LOLIN 


225 


06152 


27 





153 


PJP 


L*2 


226 


06153 


24 





323 


JHP 


LlHEHR 


227 


06154 


32 


1 


323 


ENL 


VAL.l 


230 


06155 


11 





247 


SUB 


HILIH 


231 


06156 


27 





323 


PJP 


LIHEKR 


232 


06197 


01 





252 


DCRLIM DCR 


INT 


233 


06160 


01 





323 


DPR 


VAL 


234 


06161 


01 





244 


DCR 


COUNT 


235 


06162 


27 





147 


PJP 


LIMIT 


236 


06163 


32 





310 


ENTLOC ENL 


LOCI 


237 


06164 


37 





256 


STL 


INTPT1 


240 


06165 


32 





307 


ENL 


L0C2 


241 


06166 


37 





255 


STL 


INTPT2 


242 


06167 


32 





306 


ENL 


LOC3 


243 


06170 


37 





254 


STL 


INTPT3 


244 


06171 


32 





305 


ENL 


L0C4 


245 


06172 


37 





253 


STL 


INTPT4 


246 


06173 


32 





222 


ENL 


BIT 


247 


06174 


37 





223 


STL 


BITSV 


250 


06175 


03 





250 


SI«B 


I GNOME 


251 


06176 


32 





246 


E*L 


END 


252 


06177 


27 





207 


PJP 


ENDRT 


253 


06200 


24 


1 


356 


4 JHP 


INCRHT 


254 


06201 


01 





245 


CBA DCR 


CVCNT 


255 


06202 


27 





203 


PJP 


ABC 


256 


06203 


02 





246 


CHB 


END 


257 














260 


06204 


32 





221 


ABC ENL 


AFLAB 



CHECK FOR READING «ITH1N L1HITS 
IGNORE THESE READINGS 

) 

CHECK READING 



DECREHENT COUNTERS TO CHECK NEXT VIDAR 



STORE WORD. CHANNEL. BIT FOR LIHERR 



INCREMENT POINT ADDRESSES 



WAIT FOM INTERRUPT 
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P-50 MARK I] ANALOG INPUT SCANNER TEST (D188) 



to 
i 



261 
262 
263 
264 
265 
266 
267 
270 
271 
272 
273 
274 
275 
276 
277 
400 
301 
302 
303 
304 
305 
306 
307 
310 
311 
312 
313 
314 
315 
316 
317 
320 
321 
322 
323 
324 
325 
326 
327 
530 



06205 
06206 
06207 

06210 
06211 
06212 
06213 

06214 
06215 
U6216 
06217 
06220 

06221 
06222 
06223 
06224 
06225 
06243 
06244 
06245 
06246 
06247 
06250 
06251 
06252 
U6253 
06254 
06255 
06256 
06257 
06264 
06265 
06266 
06267 
06271 
06276 
06277 



27 203 

02 221 
24 114 

03 246 
56 1 355 

06225 
24 076 



PJP L-l 



06 
03 
05 
23 



23 



00000 
321 
221 

321 

1 214 

00000 
00001 
00000 
1 000 
02145 
01477 
00000 
00000 
20000 
00000 
00000 

ooooo 

00000 

ooooo 
ooooo 
ooooo 
ooooo 

05125 
06060 
OOOOO 
OOOOO 
OOOOO 
02165 
OOOOO 
OOOOO 



ENDRT 



INTRTN 



AFLAG 

BIT 

BITSV 

CLJOI 

COMPLT 

COUNT 

CYCNT 

END 

HILIN 

IGNORE 

INDEX 

INT 

INTPT4 

INTPT3 

INTPT2 

INTPTl 

LIHFOR 

H 

HI 

LOA 

MIX 
LQX 



CMB 
JMP 

SMB 
HJP 
OCT 
JMP 



SDR 
SUB 
kOR 

CLJ 

OCT 
OCT 
OCT 
CLJ 
BCD 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
BCD 
OCT 
OCT 
OCT 
OCT 
BCD 
OCT 
OCT 



AFLAG 
OUTINT 

END 
OTRCO 
COMPLT 
ANITST 



END ROUTINE 



ANALOG INTERRUPT RETURN 



SAVE 
AFLAG 
SAVE 
INTRTN,! 



.1 

14ANAL0G 

1477 



20000 



SCANNER TEST COMPLETE 



05READING 
6060 



IS 



.6060 
05AT POINT 

,6060 
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P-5Q HARK II ANALOG INPUT SCANNER TEST (D18B) 



to 
i 



to 



331 


06301 


00000 


HHB 


OCT 


332 


06302 


00000 


HJB 


OCT 


333 


U6303 


00000 


LOB 


OCT ,1477 


334 


06305 


00000 


L0C4 


OCT 


335 


06306 


ooooo 


L0C3 


OCT 


336 


06307 


ooooo 


L0C2 


OCT 


337 


06310 


ooooo 


LOCI 


OCT 


340 


06311 


ooooo 


LOLIM 


OCT 


341 


06312 


ooooo 


LSTINT 


UCT 


342 


06313 


ooooo 


NVAL4 


OCT 


343 


06314 


ooooo 


NVAL3 


OCT 


344 


06315 


ooooo 


NVAL2 


OCT 


345 


06316 


ooooo 


NVAL1 


OCT 


346 


06317 


34 000 


OUTX 


OUT 


347 


06320 


36 1 000 


RJPX 


HJP ,1 


350 


06321 


ooooo 


SAVE 


OCT 


351 


06322 


ooooo 


TEMP 


UCT 


352 


06323 


ooooo 


VAL 


OCT 



to 
I 
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P-50 MARK 


II analog input scanner 


453 








354 








355 


06324 


32 


1 323 LIN 


356 


06325 


36 


1 354 j 


357 


06326 


37 


267 


360 


06327 


36 


1 353 J 


361 


06330 


37 


266 


362 


06331 


32 


321 


363 


06332 


14 


1 376 


364 


06333 


14 


1 376 


365 


06334 


12 


352 V 


366 


06335 


10 


351 J 


367 


06336 


37 


265 


370 


06337 


32 


1 252 


371 


06340 


36 


1 354 


372 


06341 


37 


277 


373 


06342 


36 


1 353 


374 


06343 


37 


276 


375 


06344 


32 


223 


376 


06345 


36 


1 354 


377 


06346 


37 


303 


4Q0 


06347 


36 


1 353 




06350 




24377 




06351 




06000 




06352 




00003 




06353 




06603 




06354 




06570 




06355 




07000 




06356 




06411 




06357 




06256 




06360 




06316 




06361 




00400 




06362 




00001 




06363 




06530 




06364 




00144 




06365 




06115 




06366 




24000 




06367 




00377 




06370 




06072 




06371 




00004 



TEST (D18B) 



EJE 

LIHERR ENL VAL.l 
RJP CNVTA 
S»Tl LOA 
KJP CNVTB 
STL HI 
fcNL SAVE 
LSH ACC 
LSH ACC 
AND 3) 
BADD 6000) 
STL H 
ENL INT, I 
HJP CNVTA 
STL LOX 
RJP CNVTB 
STl HIX 
ENL BITSV 
KJP CNVTA 
STL LOB 
KJP CNVTb 
SKP 
MKD 
MKQ 
MKD 
WHO 
MKD 
MKD 
MKD 
MKD 
NKD 
MKD 
MKD 
MKD 
MKD 
MRD 
MKD 
MKD 
MKD 



LIMIT ERROR 
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P-50 MA.^K II ANALOG INPUT SCANNER TEST (018B) 



06372 


37777 


HHD 


06373 


07041 


NHD 


06374 


07056 


NKD 


06375 


06214 


NHD 


06376 


00101 


MKQ 


06377 


00100 


WHO 



to 
I 
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P-50 MARK II ANALOG InPUT SCANNER TEST (D188) 



401 


06400 


37 


1 267 


J 


STL 


HIB 


402 


U6401 


32 


1 266 


J 


ENL 


SAVE 


403 


06402 


14 


1 265 


J 


L5H 


ACC 


404 


06403 


14 


1 265 




LS>H 


ACC 


405 


06404 


12 


264 


J 


AND 


3) 


406 


06405 


10 


263 


J 


8ADD 


6000) 


407 


06406 


37 


1 262 


J 


STL 


HUB 


no 


06407 


36 


1 261 


J 


KJP 


OTRCU 


411 


06410 




06257 




OCT 


LIHFUR 


412 


06411 


24 


1 260 


•j 


JMP 


JCRL1M 



to 
I 



Ul 
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P-50 HARK II ANALOG InPUT SCANNER TEST ID1«B> 



to 
i 



05 



413 












bJE 






«14 
















INCKEHENT POINT ADDRESS 


415 


06412 


32 





257 


VINCKHT 


ENL 


LOCI) 




416 


06413 


37 





233 




ST L 


LOC 




417 


06414 


32 


1 


256 


J 


ENL 


NJHTST 




420 


06415 


37 


1 


255 


V 


STL 


COUNT 




421 


06416 


02 





122 




C«B 


ADDR 




422 


06417 


32 


1 


254 


J 


ENL 


BIT 




423 


06420 


27 





021 




PJP 


L*2 




424 


06421 


03 





122 




SHB 


ADDR 




425 


06422 


14 


1 


254 




LSH 


BIT 




426 


06423 


32 





122 




ENL 


ADDR 




427 


06424 


27 


1 


253 


V 


PJP 


ABC 




430 


0642$ 


32 


1 


252 


JINCCHN 


ENL 


NAXCHN 


INCREMENT CHANNEL 


431 


06426 


11 


1 


127 




SUB 


CHNLNO. 


I 


432 


06427 


20 





040 




ZJP 


CH3 




433 


06430 


01 





127 




OCR 


CHNLNO 




434 


06431 


32 


1 


233 


CH2 


ENL 


LOCil 




435 


06432 


12 





251 


J 


BAND 


37700) 




436 


06433 


10 


1 


127 




ADO 


CHNLNO, 


I 


437 


06434 


37 


1 


233 




STL 


LOCI 




440 


06435 


01 





233 




OCR 


LOC 




441 


06436 


01 


1 


255 




OCR 


COUNT 




442 


06437 


27 





030 




PJP 


CH2 




443 


06440 


24 


1 


253 




JHP 


ABC 




444 


06441 


32 





250 


JCH3 


ENL 


CHAN1) 




445 


06442 


37 





127 




STL 


CHNLNO 




446 


06443 


32 


1 


255 


INCMRD 


ENL 


COUNT 


INCREMENT WORD 


447 


06444 


11 


1 


256 




SUB 


NUHTST 




450 


06445 


10 





247 


4 


ADD 


1) 




451 


06446 


27 





054 




PJP 


Rl 




452 


06447 


10 





247 




ADD 


1) 




453 


06450 


27 





063 




PJP 


R2 




454 


06451 


10 





247 




ADD 


1) 




455 


06452 


27 





072 




PJP 


R3 




456 


06453 


10 





247 




ADO 


1) 




♦57 


06454 


27 





101 




PJP 


R4 




460 


06455 


01 





224 


«i 


DCR 


C0UNT1 




461 


06456 


27 





060 




PJP 


L*3 




462 


06457 


32 


1 


246 


V 


ENL 


CTR1 
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P-50 MARK II ANALOG INPUT SCANNER TEST (D18B) 



to 
i 



463 


06460 


37 





224 




STL 


COUNTl 


464 


06461 


32 





232 




ENL 


LIM1 


465 


06462 


10 





224 




ADD 


COUNTl 


466 


06463 


^A 





107 




JMP 


R5 


467 


06464 


01 





223 


R2 


OCR 


C0UNT2 


47C 


06465 


27 





067 




HJP 


L*3 


471 


06466 


32 


1 


245 


J 


ENL 


CTR2 


472 


06467 


37 





223 




STL 


C0UNT2 


473 


06470 


32 





231 




ENL 


LIM2 


474 


06471 


10 





223 




ADD 


C0UNT2 


475 


06472 


24 





107 




JMP 


R5 


476 


06473 


01 





222 


H3 


DCR 


COUNT3 


477 


06474 


n 





076 




PJP 


L*3 


500 


06475 


32 


1 


244 


J 


ENL 


CTR3 


501 


06476 


37 





222 




J>TL 


C0UNT3 


502 


06477 


32 





230 




ENL 


LIM3 


503 


06500 


10 





222 




ADD 


C0UNT3 


504 


C6501 


24 





107 




JMP 


R5 


505 


0*502 


01 





221 


R4 


OCR 


C0UNT4 


506 


06503 


27 





105 




PJP 


L*3 


507 


06504 


32 


1 


243 


J 


ENL 


CTR4 


510 


06505 


37 





221 




STL 


C0UNT4 


511 


06506 


32 





227 




ENL 


LIM4 


512 


06507 


10 





221 




ADD 


C0UNT4 


513 


06510 


37 





122 


R5 


STL 


AODR 


514 


06511 


32 


1 


122 




ENL 


ADDR.I 


515 


06512 


10 


1 


127 




ADD 


CHNLNO. I 


516 


06513 


37 


1 


233 




STL 


LOCI 


517 


06514 


01 





233 




DCR 


LOC 


520 


06515 


01 


1 


255 




DCR 


COUNT 


521 


06516 


27 





042 




PJP 


1NCWHD 


522 


06517 


01 


1 


242 


J 


DCR 


INDEX 


523 


06520 


27 


1 


253 




PJP 


ABC 


524 


06521 


24 


1 


241 


V 


JHP 


CBA 


525 
















526 


06522 




ooooo 


AODR 


OCT 




527 


06523 




00077 


CHAM 


OCT 


77 


530 


06524 




00017 


CHANS 


OCT 


17 


531 


06525 




00037 


CHAN2 


OCT 


37 


532 


06526 




00057 


CHAN1 


OCT 


57 



to 
I 



oo 
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P-50 f'*RK II ANALOG INPUT SCANNER TEST (D1BB) 
53J 06527 00000 CHNLNO OCT 



I 



<X> 
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17 














P-50 


MARK 


II ANALOC INPUT SCANNED 


TEST (D18B) 




534 










EJE 






535 












INITIALIZE 




536 


06530 




00000 INI TL ... 






537 


06531 


32 


1 


256 


ENL 


NJMTST 




540 


06532 


37 


1 


242 


STL 


INDEX 




541 


06533 


32 





240 J 


bNL 


lIHD 




542 


06534 


67 





226 


STL 


LIM 




543 


06535 


32 





257 


fcNL 


LOCI) 




544 


06536 


37 





266 


STL 


LOC 




545 


06537 


32 





250 


ENL 


CHAND 




546 


06540 


67 





127 


ST L 


CHNLNO 




547 


06541 


62 





247 


ENL 


1) 




550 


06542 


67 


1 


254 


STL 


BIT 




551 


06543 


62 


1 


226 U 


fcNL 


LIM, I 




552 


06544 


37 





225 


STL 


CNT 




553 


06545 


10 


1 


225 


ADD 


CNT.l 




554 


06546 


37 





122 


STL 


ADDR 




555 


06547 


62 


1 


122 


ENL 


ADDR. I 




556 


06550 


10 


1 


127 


ADD 


CHNLNO, I 




557 


06551 


67 


1 


256 


STL 


LOCI 




560 


06552 


01 


1 


242 


DCR 


INDEX 




561 


06553 


20 





156 


ZJP 


12 




562 


06554 


01 





226 


DCR 


LIM 




563 


06555 


01 





233 


DCR 


LOC 




564 


06556 


24 





142 


JMP 


11 




565 


06557 


32 


1 


246 12 


ENL 


CTR1 




566 


U6560 


67 





224 


STL 


COUNTl 




567 


06561 


32 


1 


245 


ENL 


CTR2 




570 


06562 


37 





223 


STL 


C0UNT2 




571 


06563 


62 


1 


244 


ENL 


CTR3 




572 


06564 


37 





222 


STL 


C0UNT3 




573 


06565 


62 


1 


243 


ENL 


CTR4 




574 


06566 


37 





221 


STL 


C0UNT4 




575 


06567 


24 


1 


130 


KTN 





PAC IP 

P-50 K- RK II ANALOG INPUT SCANNER TEST (D188) 



to 
i 
to 

o 



57i 










EJE 




577 












CONVERT 


600 


06570 




ooooo 


CNVTA 


• • • 




601 


06571 


37 


1 266 




SU 


SAVE 


602 


06572 


12 


237 


J 


BAND 


7) 


603 


06573 


37 


1 236 


J 


STL 


TEMP 


604 


06574 


32 


1 266 




ENL 


SAVE 


605 


06575 


12 


235 


J 


BAND 


70) 


606 


06576 


14 


1 265 




LSH 


ACC 


607 


06577 


14 


1 265 




LSH 


ACC 


610 


06600 


14 


1 265 




LSH 


ACC 


611 


06601 


10 


1 236 




ADD 


TEMP 


612 


06602 


24 


1 170 




HTN 




613 












CONVERT 


614 


0660 5 




ooooo 


CNVT8 


• • t 




615 


06604 


32 


1 266 




ENL 


SAVE 


616 


06605 


12 


234 


J 


BAND 


700) 


617 


06606 


16 


1 265 




HSH 


ACC 


620 


0660"> 


16 


1 265 




RSH 


ACC 


621 


0661.1 


16 


1 265 




RSH 


ACC 


622 


06611 


37 


1 236 




STL 


TEMP 


623 


06612 


32 


1 266 




fcNL 


SAVE 


624 


06613 


12 


261 




BAND 


7000) 


625 


06614 


10 


1 236 




ADD 


TEMP 


626 


06615 


16 


1 265 




KSH 


ACC 


627 


06616 


16 


1 265 




RSH 


ACC 


630 


0661? 


16 


1 265 




HSH 


ACC 


631 


0662D 


24 


1 203 




KTN 




632 














633 


06621 




ooooo 


C0UNT4 


OCT 




634 


0662? 




ooooo 


C0UNT3 


OCT 




635 


06623 




ooooo 


C0UNT2 


OCT 




636 


0662' 




ooooo 


COUNTl 


OCT 




637 


06625 




ooooo 


CNT 


OCT 




640 


06626 




ooooo 


LIM 


OCT 




641 


06627 




07342 


L1M4 


OCT 


VIDAK4-1 


642 


06630 




07301 


LIM3 


OCT 


VIDAM3-1 


643 


06631 




07240 


LIH2 


OCT 


VIDAN2-1 


644 


06632 




07177 


LIM1 


OCT 


V1DAM1-1 


645 


06633 




ooooo 


LOC 


OCT 





2 LON ORDER DIGITS OF ACCUMULATOR 



2 HIGH ORDER DIGITS OF ACCUMULATOR 
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646 



to 
i 
to 



06634 


00700 


06635 


00070 


06636 


06322 


06637 


00007 


06640 


06632 


06641 


06200 


06642 


06251 


06643 


07342 


06644 


07301 


06645 


07240 


06646 


07177 


06647 


00001 


06650 


06526 


06651 


37700 


06652 


06004 


06653 


06203 


06654 


06222 


06655 


06244 


06656 


06001 


06657 


06310 


06660 


06156 


06661 


07000 


06662 


06301 


06663 


06000 


06664 


00003 


06665 


00101 


06666 


06321 


06667 


06302 



EJE 
MHD 
MRD 
MHO 
MND 
MHO 
MHD 
MHD 
MHD 
MRD 
MHD 
MHD 
MHD 
MRD 
MRD 
MHD 
MRD 
MHD 
mRD 
MRD 
MRD 
MHD 
MRD 
MHD 
MRD 
MRD 
MRD 
MHD 
MHD 
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to 
i 

to 
to 



647 






07000 




0HG 


0RIG1N*512 




650 


07000 




00000 


OTRCD 


t t i 


PRINT RECORO TERHINATED BY 


77 CODE 


651 


07001 


32 





000 




ENL 


OTRCD 




652 


07002 


10 





076 


J 


ADO 


1) 




653 


07003 


37 





000 




ST L 


OTRCD 




654 


07004 


32 


1 


000 




ENL 


OTRCO.I 




655 


07005 


37 





065 




STL 


OTADS 




656 


07006 


03 





066 




SMB 


OTINU 




657 


07007 


32 


1 


065 


OTLOP 


ENL 


OTADS. I 




660 


07010 


16 





066 




RSH 


OTINU 




661 


07011 


27 





017 




PJP 


SECNU 




662 


07012 


16 


1 


075 


J 


RSH 


ACC 




663 


07013 


16 


1 


075 




RSH 


ACC 




664 


07014 


16 


1 


075 




RSH 


ACC 




665 


07015 


16 


1 


075 




RSH 


ACC 




666 


07016 


16 


1 


075 




RSH 


ACC 




667 


07017 


16 


1 


075 




RSH 


ACC 




670 


07020 


12 





074 


JSECND 


BAND 


77) 




671 


07021 


11 





074 




0SUB 


77) 




672 


07022 


20 


1 


000 




ZJP 


OTRCD. I 




673 


07023 


10 





074 




BAOD 


77) 




674 


07024 


27 





025 




PJP 


1*2 




675 


07025 


32 





073 


J 


ENL 


0) 




676 


07026 


36 





035 




HJP 


OT1 




677 


07027 


32 





065 




ENL 


OTADS 




700 


07030 


10 





076 




ADD 


D 




701 


07091 


16 





066 




RSH 


OTIND 




702 


07032 


27 





004 




PJP 


0TL0P-2 




703 


07033 


02 





066 




CHB 


OTINO 




704 


07034 


24 





006 




JHP 


OTLOP 




705 


















706 


07035 




ooooo 


0T1 


• • t 






707 


07096 


10 





072 


J 


ADD 


TBL) 




710 


07037 


37 





063 




STL 


ADS 




711 


07040 


32 


1 


063 




ENL 


ADS, I 




712 


07041 


34 





000 


OASR 


OUT 






713 


07042 


32 





064 




ENL 


HFLAtt MAIT FOR INTERRUPT 




714 


07049 


27 





041 




PJP 


L-l 




715 


07044 


02 





064 




CHB 


HFLAB 




716 


07045 


32 





063 




ENL 


ADS 





to 



INS 

w 
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717 


07046 


11 


071 


J 


8SU8 


T8L*14) 




720 


07047 


20 


052 




UP 


LFD 




721 


07050 


id 


073 




ENL 


0) 




722 


07051 


37 


063 




STL 


ADS 




723 


07052 


24 


1 035 




JMP 


OT1, J 




724 


07053 


32 


070 


./LFD 


8ENL 


30500) 




725 


07054 


37 


063 




STL 


ADS 




726 


07055 


24 


040 




JHP 


0T1*4 




727 












ASR 


INTERRUPT 


730 


07056 




00000 


ASRIN 


t • t 






731 


07057 


06 


1 067 


V 


SDR 


SAVE 




732 


07060 


03 


064 




SHB 


MFLAtt 




733 


07061 


05 


1 067 




EOR 


SAVE 




734 
735 


07062 


23 


1 056 




CLJ 


ASRIN, I 




736 


07063 




00000 


ADS 


OCT 






737 


07064 




00000 


uriAG 


OCT 






740 


07065 




00000 


OTADS 


OCT 






741 


07066 




00000 


OTINO 


OCT 






742 


07067 
07070 
07071 
07072 
07073 
07074 
07075 
07076 




06321 
30500 
07113 
07077 
00000 
00077 
00101 
00001 




GEN 
MRD 
MRO 
MRD 
MRD 
NKD 
MRD 
MRD 
MRD 







RETURN 



to 
I 



PACE 


22 
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INPUT SCANNER 


TEST (1 






COD 


VFD 




745 07077 


23000 TBL 


coo 




746 07100 


33040 


COD 




747 07101 


33100 


COD 




790 07102 


23140 


COD 




791 07103 


33200 


COD 




792 07104 


23240 


COD 




799 07109 


23300 


COD 




794 07106 


33340 


COD 




799 07107 


33400 


COD 




796 07110 


23440 


COD 




797 07111 


39700 


COD 




760 07112 


33640 


COD 




761 07113 


30640 


COD 




762 07114 


23900 


COD 




763 07119 


33700 


COD 




764 07116 


22040 


COD 




765 07117 


22940 


COD 




766 07110 


24040 


COD 




767 07121 


24100 


COD 




770 07122 


34140 


COD 




771 07123 


24200 


COO 




772 07124 


34240 


COD 




773 07129 


34300 


COD 




774 07126 


24340 


COD 




779 07127 


24400 


COD 




776 07130 


34440 


COD 




777 07131 


23740 


COD 




L000 07132 


22700 


COD 




L001 07133 


32440 


COD 




L002 07134 


39940 


COD 




L0Q3 07139 


23600 


COD 




L004 07136 


32140 


COD 




1009 07137 


22640 


COD 




L0|6 07140 


34900 


COD 




L007 07141 


24940 


COD 




1010 07142 


34600 


COD 




L011 07143 


24640 


COD 




L012 07.144 


24700 


COD 



.2, 


3, 


.0, 


6* 


.2. 


6, 


.2, 


.6. 


.0. 


>6. 


.2. 


>6. 


.0. 


6. 


• 0< 


>6. 


• 2. 


>6* 


• 2i 


>7. 


.0. 


7. 


#3. 


r3. 


• 2< 


,7. 


.2, 


.1. 


• 


.7. 


• 2. 


,7, 


• 


»4, 


• 0. 


,9, 


• 1< 


.0. 


• 1< 


>0. 


• 3. 


.0. 


• 1< 


.0. 


• 3. 


,0. 


• 3< 


.0. 


• li 


>0i 


•1< 


>i. 


• 3. 


>i* 


• 0. 


»7. 


• 0. 


► 5. 


• 2< 


>5. 


.3, 


.4. 


• Oi 


»7. 


.2, 


»4. 


• 0. 


.». 


.3, 


.1. 


• li 


>1* 


• 3t 


,1. 


.1, 


,1. 


• li 


.1. 



TELE 
.3,5 
.0. 
.1. 
.2. 
.3, 
.4, 
.5, 
.6. 
.7, 
iOi 
.1* 
.6* 
.5. 

• 5. 
.2. 

• 6* 

• 1* 

• 3. 
.1* 
.2* 
*3. 

• 4* 
.5. 
.6, 

• 7. 

• 0. 

• 1. 
.7. 

• 6* 
.1. 
.3. 

• 4, 

• 3* 
.5. 
.2* 
.3. 
.4, 
.5, 

• 6» 



TYPE MODEL 35 CODE 





X 
2 
3 

4 

5 

6 

7 

8 

9 



■ 

CR 

I 

> 



00 
01 
02 
03 
04 
05 
06 
07 
10 
11 
12 
13 
14 
15 
16 



EXCLH 17 
♦ 20 
21 
22 
23 
24 
25 
26 
27 
30 
31 
32 
33 
34 
35 
36 
37 
40 
41 
42 
43 
44 
45 



A 
B 
C 
D 
E 
F 
6 
H 
I 
? 
• 
> 
[ 
< 
• 

J 
K 

L 
H 

N 
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P-50 



I 

to 



HARK 


[I ANALOG 


Input scanner test (disb) 






1013 


07145 


34740 




COD 


1.3,1.7, 





46 


1014 


07146 


25000 




COO 


1.1. 2,0, 


P 


47 


1015 


07147 


35040 




COD 


1.3.2. 1, 


Q 


50 


1016 


07150 


35100 




COD 


1.3,2.2, 


R 


51 


1017 


07151 


25740 




COD 


1*1*4.7, 


4* 


52 


1020 


07152 


22200 




COD 


1.0.4,4, 


S 


53 


1021 


07153 


32500 




COD 


1,2*5,2, 


• 


54 


1022 


07154 


35644 




COD 


1.3*3.5, 


J 


55 


1023 


07155 


33540 




COD 


1.2.7.3. 


1 


56 


1024 


07156 


34000 




COD 


1*3.0.0. 


• 


57 


1025 


07157 


32000 




COD 


1.2.4,0. 


SPACE 60 


1026 


07160 


32740 




COD 


1.2,5.7. 


/ 


61 


1027 


07161 


25140 




COD 


1,1.2.3. 


S 


62 


1030 


07162 


35200 




COD 


1.3,2,4, 


T 


63 


1031 


07163 


25240 




COD 


1.1,2,5, 


U 


64 


1032 


07164 


25300 




COD 


1,1.2.6. 


V 


65 


1033 


07165 


35340 




COD 


1*3.2,7. 


H 


66 


1034 


07166 


35400 




COD 


1*3*3,0. 


X 


67 


1035 


07167 


25440 




COD 


1.1.3.1, 


Y 


70 


1036 


07170 


25500 




COD 


1.1.3.2, 


Z 


71 


1037 


07171 


32240 




COD 


1.2*4.5. 




72 


1040 


07172 


32600 




COD 


1.2,5.4, 


t 


73 


1041 


07173 


22400 




COD 


1.0.5*0* 


( 


74 


1042 


07174 


32300 




COD 


1.2.4,6. 


AMP 75 


1043 


07175 


25600 




COD 


1*1*3,4, 


\ 


76 


1044 


07176 


20500 




COD 


1.0*1.2. 


I 


FEED77 


1045 
















1046 


07177 


00000 


CTR1 


OCT 








1047 






VIDAR1 


RPT 


32 






1050 


07200 


00000 




OCT 








1051 


07240 


00000 


CTR2 


OCT 








1052 






VIDAR2 


RPT 


32 






1053 


07241 


00000 




OCT 








4054 


07301 


00000 


CTR3 


OCT 








1055 






VIDAR3 


RPT 


32 






1056 


07302 


00000 




OCT 








1057 


07342 


ooooo 


CTR4 


OCT 








1060 






VIDAR4 


RPT 


32 






1061 


07343 


ooooo 




OCT 








1062 




ooooo 




END 









CONTACT CLOSURE OUTPUT VS. CONTACT CLOSURE INPUT TEST (D19A) 

I. Purpose of Test 

To test up to eight contact closure output registers against the same number of 
contact closure Input registers without the use of the P-50 Executives. Various 
patterns are set on the registers and the registers are then checked for proper 
operation. This test is for multiplexed CCI. See V for non-multiplexed modifi- 
cations. 

TI. Description of Test 

The program assumes that n contact output registers are tied to n contact Input 
registers (wherr n ranges from 1 to 8). Various patterns are output to the con- 
tact outputs; after each change, all the contact Inputs are checked to verify that 
the desired changes (and no more) took place. 

The pattern of output is as follows: 

00000,37777 00000,37777,(Sequence of 14) 

00001.00002 ,10000,20000,(Sequence of 14) 

20000,30000 37776,37777,(Sequence of 14) 

12525,25252 12525,25252,(Sequence of 14) 

III. Description of Operation 

A. Read In the binary tape of the Contact Closure Output vs. Contact Closure 
Input test using the bootstrapped binary loader. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the 
binary loader (X7602) ; depress the Start button. 

3. Put machine In RUN mode; depress the Master Clear button. 

4. Place the binary tape under the tape reader. 

5. Turn the reader on. 

6. Depress the Start button. 

B. Enter the test parameters. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the S-Register with the parameter location. 

3. Using the probe, load the X-Register with the parameter constant; depress 
the Start button. 

4. Repeat 2 and 3 until all the following parameters have been entered. 
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Location 
60008-60078 CWDS 



6010 8 -6017 8 IBF 



6020 8 


NCCQf 


6021 g 


CC0I 


6022 8 


0RI 


6023 8 


IRI 


6024 8 


ASRI 


6025 8 


CCI0UT 



6026 8 



60278 



C. Start the test. 



CCIINT 



0UTASR 



Description 

Contact closure output (CCO) control words, 
one for each register. Each control word con- 
tains the word (bits 13-6) and the set channel 
(bits 5-0) for a particular output. The registers 
are assigned numbers 0-7 corresponding to lo- 
cations 60008-60078. 

Contact closure Input (CCI) control words, one 
for each register. Each control word contains 
a one in the bit position corresponding to the 
register number. For example, a one In bit 4 
(20s) of the control word refers to register 4. 
Note, one and only one bit of a control word 
can be set. The registers are assigned num- 
bers 0-7 corresponding to locations 60108- 
6017 8 . 

Number of registers to be tested. 

Contact closure output (CCO) completion Inter- 
rupt location. 

Contact closure input (CCI) cycle completion 
Interrupt location. 

Contact closure input (CCI) input request inter- 
rupt location. 

ASR output completion interrupt location. 

Output command to contact closure input (CCI) 
address channel. For example, If the channel 
is 42s, the command is 34042 g (0UT 42g). 

Input command from contact closure input 
(CCI) read channel. For example, if the channel 
is 43g, the command is 30043s (INT 43s). 

Output command to ASR output channel. For 
example, if the channel is 44s, the command is 
34044 8 (0UT 44s). 



1. Put machine In WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X- Register with the starting location of the test 
(6027g); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Clear the lockout and hit flip-flop using the probe; depress the Start 
button. 
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D. Test runs continuously, printing out a completion message on the ASR set 
after five runs. 

CC0-CCI TEST COMPLETED 

E. When an error occurs a message is printed out on the ASR set, and the test 
continues. The error message format Is: 

CC0-CCI REGISTER a SHOULD BE bbbb BUT IS cccc. 

where 

a = Register number 
bbbb «= Pattern that should be there 
cccc = Pattern which Is there 

IV. Storage 

Number of locations used: 1052s (6000g-7051g). 

V. Non- Multiplexed CCI Modification to D19A 

It should be pointed out here that CCI can be multiplexed or non-multiplexed. The 
program listed in D19A is for multiplexed CCI; if non-multiplexed CCI's are used, 
the program must be modified as follows: 

Location Initial Contents New Content 

6635 32631 300 XX* 

6636 10342 23631 

♦Input channel number 

VI. Test Cables 

A. Multiplexed CCI Vs. CCQf Cable 

Drawing 775A055, sheets 1 to 6 show the connections for multiplexed CCI vs. 
CC<2. This cable allows the user to check up to 28 CCQf points. Figure 1 
below shows a block diagram of the connectors. 
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TITLE PRo-DNl 50/530 CABl.fi WIRING M5T . .. . _ 

T£*>T casl£ po« /ncr-CC0 res-r 

D%vg 7 75" A OSS' SuBjt#2*- Finish Cwaat . .. 


FJ?OM 

TfRM 


COLOR 


TO 

TERM 


REMARKS 


PROM 
Hooo*3 
TERM 


COLOR 




TO 

ttocO«l 

TERM 


REMARKS 


X35 


BL.K 


X6 


CCd 8.0 -CIlAf 1 ^) 


X8 


BUC 


X35 


Cp4 "B.0 


/34 


wu /buc 


X»0 


-^B.l 


)M2 


tou/suc 


X33 


J; 


* B .i 


X33 


P,£M 


X/4 




B.2 


XU» 


fcft^ 


X3\ 




B.i 


X32 


*ju/bi^ 


X22 




83 


X23 


Wu/sRfi 


X29 




B.3 


VS/ 


?eo 


XEfc 




B.4 


X27 


-sep 


X27 




■B.4 


*3Q 


WU/^FD 


X30 




BS 


X3l 


\x)«/RCT5 


X2.S" 




B.5 


*2q 
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WIST1NOHOUSI ILICTtlC CORPORATION computer systems division 



»I?TMWM« P» w • • 



: TITLE "PK.ODKG 5o/«rsO CJ&\Jc UJiRilOC» UST 

j tc»t cMsut ro* met- CC0 tcst 

j Dwg 7"7 5"A OSS' Sub /ft*" Finish Chart 




COLOR 


TO 


PENNARKS 


FROM 
TERM 


COLOR 


TO 
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TERAA 


REMARKS 
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BLiC 
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CC.4 B.7 


XZ7 


wu./blk 
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iow/buc 


xij 


-^ B.fi 


X26 


BPM 


Xl4 




B.9 


yit 


"BRj^ 


XI' 




B.9 


xzs 


vjH/BRk) 


X22 




B.IO 


)<23 


uWBBkA 


A9 




B.I4 


X2.4 


^eo 


x£<» 




Bll 


X27 


RED 


X7 




B.ll 


1X23 


WmV^FD 


x^o 
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X3( 


WOW/CED 


X3 




B.ie 


X22- 
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X34. 
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X3 
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TITLE VR0T3KC 3c/550 Cft,Bu6 vJ>RiH(^ UST 

Dwg ~77&AO$3'sum/r?£4' Finish Chart 


Ft?OM 


COLOR 


TO 
TERM 


PEMARKS 


FROM 
TERM 


COLOR 


TO 
TERM 


REMARKS 


X 1(0 


BL.K 


X&i 


*? 


BLK 
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•4*276 


14 





171 


LOOP LSH 


T6 


246 


06277 


14 





171 


LSH 


T6 


247 


06300 


14 





171 


LSH 


T6 


290 


••301 


32 





171 


ENL 


T6 


251 


•6302 


12 





174 


ANO 


T9 


252 


•6303 


20 





305 


2JP 


L*3 


2S3 


• 6304 


02 





173 


CMB 


T8 


254 


•6305 


24 





310 


JMP 


1*4 


255 


•6306 


16 





173 


RSH 


TO 


256 


•6307 


27 





310 


PJP 


L*2 


257 


•6310 


32 





344 


J OENL 


60) 


2*0 


• 6311 


16 





176 


RSH 


Til 


261 


•6312 


27 





327 


PJP 


FRSCH 


262 


• 6313 


13 





177 


EOR 


T12 


263 


•6314 


37 


1 


172 


STL 


T7.I 


264 


•«315 


32 





172 


ENL 


T7 


265 


•6316 


io 





362 


ADD 


1) 


266 


•6317 


37 





172 


STL 


T7 


267 


•6320 


02 





176 


CMB 


Til 


270 


06321 


32 





343 


JF"0RS ENL 


7) 


271 


•6322 


37 





174 


STL 


T9 


272 


• 6323 


01 





175 


OCR 


TIO 


273 


•6324 


27 





275 


PJP 


LOOP 


274 


06325 


32 





342 


J 8ENL 


6000) 


275 


06326 


37 





177 


STL 


T12 


276 


06327 


24 


1 


265 


KTn 




277 


06330 


14 


1 


341 


JFRSCH LSH 


ACC 


100 


06331 


14 


1 


341 


LSH 


ACC 


301 


• 6332 


14 


1 


341 


LSH 


ACC 


302 


06333 


14 


1 


341 


LSH 


ACC 



DATE 4/14/65. TIHE 2/43/29 A.H 
PROJECT MO, 5J005J PHOG«»HM£K 0. HtfiftG 



PAGE f 



w 

I 

to 



TAPE NUMbcK 447514 



303 


06334 


14 


1 341 


LSH 


ACC 


3Q4 


06335 


14 


1 341 


ISH 


ACC 


305 


06336 


37 


177 


STL 


T12 


306 


06337 


03 


176 


SH6 


Til 


307 


06340 


24 


320 


JMP 


FORS 


310 








GEN 






0*341 




00101 


toRD 






06342 




06000 


MKQ 






06343 




00007 


taHD 






06344 




00060 


MHO 






06345 




06241 


mHQ 






06346 




37777 


MMC 






00347 




06251 


NHC 






06350 




06260 


MHD 






06351 




06654 


WHO 






06352 




00005 


NftD 






06353 




06631 


HMD 






00354 




00145 


MRD 






06355 




00144 


MRD 






00356 




00000 


MRO 






0*357 




06457 


MRO 






00360 




00003 


MHO 






0*3*1 




06430 


MMD 






063*2 




00001 


MRD 






0*3*3 




00070 


MHO 






0*3*4 




06717 


HMD 






0*3*5 




06644 


MRO 






0*3** 




06641 


MHQ 





DATE 4/14/65. TIME 2/43/31 A.M. 
PROJECT HO. 530053 PROGRAMMER 0. HEYJNG 



PAGE 1< 



TAPE NUMBER 447514 



111 
312 



313 



CO 



to 
en 



314 



319 



06367 
06370 
06371 
06372 
06373 
06374 
06375 
06376 
06377 
06400 
06401 
06402 
06403 
06404 
06405 
06406 
06407 
06410 
06411 
06412 
06413 
06414 
06415 
• 6416 
06417 
06420 
06421 
06,422 
06423 
06424 
06425 
06426 
06427 
06430 
06431 
06432 
•6433 
•6434 
06435 



25252 
12525 
25252 
12525 
25252 
12525 
25252 
12525 
25252 
12525 
25252 
12525 
25252 
12525 
37777 
37776 
37774 
37770 
37760 
37740 
37700 
37600 
37400 
37000 
36000 
34000 
30000 
20000 
20000 
10000 
04000 
02000 
01000 
00400 
00200 
00100 
00040 
00020 
00010 



PTRNS KPT 7 

OCT 25252,12525 



OCT 37777. 37776, 37774, 37770. 37760. 37740, 37700 i 37600 ,37400,37000 



OCT 36000,34000,30000,20000 



OCT 20000. 10000. 4000, 2000 ,1000. 400. 200. 100, 40. 20. 10, 4, 2.1 



co 



to 



DATE 4/14/65. T I HE 2/4J/3t> A.M. 
PROjfCT NO. 530053 PROGRAMMER D, HEYJNG 



PAGE 11 



TAPE NUMBER 447514 



0*436 


00004 


••437 


00002 


••440 


00001 


316 




317 0*441 


37777 


••442 


37777 


••443 


37777 


••444 


37777 


••445 


37777 


••446 


37777 


••447 


37777 


••45a 


37777 


•*451 


37777 


••452 


37777 


••453 


37777 


••454 


37777 


••455 


37777 


••45* 


37777 



MPT 7 

OCT 37777.37777 



DATE 4/14/65. 



IME 2/43/37 A : M. 



PROJECT NO. 530053 PROGRAMMER Q. HEWING 



PACE 11 



TAPE NUMBER 447514 



CO 



to 



320 










321 










322 


06457 




00000 


323 


06460 


37 





115 


324 


06461 


32 





057 


325 


06462 


10 





140 


326 


06463 


37 





057 


327 


06464 


32 


1 


057 


330 


06465 


37 





lis 


331 


06466 


10 





137 


332 


06467 


37 





117 


333 


06470 


32 


1 


117 


334 


06471 


37 





120 


M5 


06472 


32 





116 


936 


06473 


10 





136 


337 


C6474 


37 





117 


340 


06475 


32 





135 


341 


06476 


37 





121 


342 


06477 


32 





115 


343 


06500 


37 


1 


117 


344 


06501 


34 


1 


120 


345 


06502 


01 


1 


134 


346 


06503 




00000 


347 


06504 


32 





121 


350 


06505 


20 





121 


351 


06506 


01 





121 


352 


06507 


20 





113 


353 


06510 


01 





120 


354 


06511 


32 


1 


117 


355 


0*512 


13 





133 


356 


06513 


23 





100 


357 


06514 


23 


1 


057 



EJE 



ACMH 



OU T C 



ROUTINE TO SIMULATE AC* WITHOUT EXECUTIVES, 



STL 
fcKL 
ADD 
STL 
fcNL 
STL 



DATA 
ACriR 
1) 

ACriR 
ACriR, I 
REGA 
ADD CDS) 
S'L C«D 
fcNL CriG.l 
STL SMWD 
fcNL NESA 
ADD 6U~> 
STL CXD 
ENJ. 2) 

STL IFLG 
ENL DATA 
STL C«Q.l 
OUT CHHD.I 
UCR PC 



INTCCO 



IFLG 

STOP 

IFLG 

L*5 

L'HMD 

ENL CMD.l 

fcOR -) 

CLJ OUTC 
CLJ ACMR.I 



fc"L 
UP 
OCR 
2JP 
OCR 



DATE 4/14,65. UNc 2/4J/41 *M. 
PROJECT NO. 530053 PHOGRAHHER 0, HEYjMi 



PAGE 1 



TAPE NUHBER 447514 



CO 

I 
to 

OD 



360 








EJE 


361 


06515 


00000 


DAT* 


OCT 


362 


06516 


00000 


REGA 


OCT 


363 


06517 


00000 


CUD 


OCT 


364 


06520 


00000 


CHHO 


OCT 


365 


06521 


00000 


(FIG 


OCT 


366 


06522 


00 077 


STOP 


OSTP 77 


367 






KUF 


fcPT 


370 
371 


0*523 
0*524 
06525 
0*526 

06527 
0*530 
0*531 
0*532 


00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 




OCT 
KEN 




0*533 


37777 




hrtD 




0*534 


00000 




MrtO 




06535 


00002 




HRO 




06536 


06523 




teHD 




0*537 


06000 




HRO 




06540 


00001 




MHO 



DATE 



00 



to 

CD 



4/14/65. TIME 


2/44 


IT NO. 


530053 


PROGRAM* 


372 








373 


06541 




00000 


374 


06542 


32 


351 


375 


06543 


37 


210 


374 


06544 


32 


141 


377 


06545 


24 


151 


400 


06546 




ooooo 


401 


06547 


32 


350 


402 


06550 


37 


210 


M3 


06551 


32 


146 


404 


06552 


10 


347 


405 


06553 


37 


146 


406 


06554 


32 


1 146 


407 


06555 


12 


346 


410 


06556 


37 


211 


411 


06557 


32 


1 146 


412 


06560 


16 


1 345 


413 


06561 


16 


1 345 


414 


06562 


16 


1 345 


415 


06563 


16 


1 345 


416 


06564 


37 


202 


417 


06565 


10 


344 


420 


06566 


37 


212 


421 


06567 


32 


211 


422 


06570 


10 


343 


423 


06571 


37 


211 


424 


06572 


32 


1 211 


425 


06573 


37 


211 


426 


06574 


32 


210 


427 


06575 


27 


203 


430 


06576 


13 


211 


431 


06577 


12 


212 


432 


06600 


13 


211 


433 


06601 


36 


057 


434 


06602 




00000 


435 


06603 


24 


1 146 


436 


06604 


32 


351 


437 


06605 


13 


211 


44§ 


06606 


12 


212 


441 


06607 


24 


200 



A.N 



PACE 1 



S80 



saz 



ACMC 



SB2A 



TAPE NUMBER 447514 
ROUTINES TOM SBO AND S8Z HJTHQUT EXECUTIVES, 



ENL 


-) 


STL 


MASK 


ENL 


sao 


JMP 


S8Z*4 


c t t 

ENL 


0) 


ST L 


MASK 


kNL 


saz 


AOD 


l) 


STL 


saz 


ENL 


saz. i 


8AND 


17> 


STL 


BIT 


ENL 


saz. I 


RSH 


ACC 


MSH 


ACC 


HSH 


ACC 


RSH 


ACC 


STL 


AC«4C«1 


ADD 


BUD 


STL 


INIT 


ENL 


BIT 


ADD 


HAST) 


STL 


BIT 


ENL 


BIT. I 


STL 


BIT 


ENL 


MASK 


PJP 


S8ZA 


EOR 


BIT 


AND 


INIT 


EOR 


BIT 


HJP 


ACUR 


OCT 




KTN 




ENL 


-> 


EOR 


BIT 


ANQ 


INIT 


JHP 


ACHC 



DATE 4/14/65. TIME 2/4.J/4B A : H. P*6f 15 

PROJECT NO. 530053 PROGRAMME* D, HEYING TAPE NUMBER 447514 

OCT 
OCT 
OCl 
OCT 1. 2. 4, 10 » 20 • 40, 100. 200. 400 ( 1000 • 2000 > 4QOO • 10000. 20000 



CO 

i 

CO 

o 



442 


•6610 


00000 


MASK 


443 


•6611 


00000 


SI? 


444 


•6612 


00000 


1NIT 


445 


•6613 


00001 


MAST 




•6614 


00002 






•6615 


00004 






•6616 


00010 






•6617 


00020 






•6620 


00040 






•6621 


00100 






•6622 


00200 






•6623 


00400 






•6624 


01000 






•6625 


02000 






•6626 


04000 






06627 


10000 






•6630 


20000 





co 
i 

CO 



DATE 4/14/65. T 


I ME 


2/43 


PROJECT NC. 


%444-Sl 


»5>0GHAMM 


44* 








447 


46631 




•1000 


450 


966J? 


a 


231 


451 


•6634 


10 


347 


4*? 


06634 


3/ 


231 


453 


06635 


12 


1 231 


454 


06636 


16 


344 


455 


06637 


3' 


253 


454 


06640 


3? 


1 »54 


457 


06641 


34 


• MO 


460 


0664? 


•1 


1 350 


461 


46443. 




••••0 


462 


•4444 


3* 


• *»0 


463 


•6445 


37 


• 253 


444 


06646 


23 


246 


4*5 


•664 7 


01 


1 350 


446 


•6650 




••••0 


447 


06651 


32 


» 253 


474 


06652 


23 


1 231 


471 


06653 




00000 



*.«l 



pace ib 



i*Pt luumefctt ««?si4 



CAN 



IHlh 



OOlh' 



TEMP 



fe-'fc 



fcNL CA* 

acl i: 
AL'D :»f: 

b". "feMP 

t'*'. *e*p. : 

DCR PC 

i*- 

b'L 'EMP 
CCJ L*t 
DCK HC 

fcNU TEMP 
tk.J CAN.l 
OC" 



DATE 4/14/65, T i ME- 2/4.1/5* A«1 
PHOjfC T NO. S3005o PROGRAMMER D t HfcYjNG 



*AJE 17 



CO 

i 

co 
to 



472 












feJE 




473 


06654 




ooooo 


0-RC3 






474 


06655 


32 





254 




EN L 


O-RCO 


475 


66656 


10 





347 




ADD 


1) 


476 


66657 


3? 





254 




s»tl 


OTRCO 


477 


O6660 


32 


1 


254 




E*L 


O'RCD. 


500 


06661 


37 





311 




S?L 


0"ADS» 


501 


•6662 


03 





312 




SHB 


O^IDiu 


502 


• 6663 


32 


1 


311 


OTLOP 


ENL 


OTAOS. 


503 


•6664 


16 





312 




fcSH 


o*:nu 


504 


06665 


27 





2?i 




PJP 


SECNO 


505 


•6666 


16 


1 


345 




hSH 


ACC 


506 


•6667 


16 


1 


345 




KSH 


ACC 


507 


06670 


16 


1 


345 




KSH 


ACC 


516 


•6671 


16 


1 


345 




NSH 


ACC 


511 


•6672 


16 


1 


345 




NSH 


ACC 


512 


06673 


16 


1 


345 




NSH 


ACC 


513 


•6674 


12 





341 


JSECND 


8AND 


77) 


514 


• 6675 


11 





341 




Bi.U« 


77) 


51$ 


06676 


20 


1 


254 




UP 


OTRCD. 


516 


• 6677 


10 





341 




8ADD 


7 7) 


517 


06700 


27 





301 




PJP 


L»2 


520 


•6701 


32 





350 




ENL 


0) 


521 


06702 


36 





313 




KJP 


0T1 


522 


•6703 


32 





311 




ENL 


0TAD5 


523 


••704 


10 





347 




ADO 


1) 


524 


•6705 


16 





312 




NSH 


OTINU 


525 


•6706 


27 





260 




PJP 


OTLOP- 


526 


•6707 


02 





312 




CNB 


OTINO 


527 


•6710 


24 





262 




JMP 


OTLOP 


530 


•6711 




ooooo 


OTADS 


OCT 




531 


•6712 




ooooo 


OTIfcD 


OCT 





TAPE NUMBER 447514 



PRINT RECORD TERMINATED tfY 77 CODE 



GATE 4/14/65. 1IHF 2/44/55 *.M 

PROJECT NCI. 53005J PHQG«»HME« P nE'INU » 



pace it 



'•B?" 447S1* 



60 
I 

CO 
CO 



53? 










fcJE 




533 


06713 




00300 


on 


: I . 




534 


6*714 


10 


340 


j 


ADD 


*3L> 


535 


06715 


3' 


335 




S>'L 


kDi 


536 


06716 


32 


1 335 




bN w 


AD. ; . i 


537 


06717 


34 


000 




OUT 




540 


•6720 


01 


1 350 




l/Cfl 


PC 


541 


• 6721 




00000 


ASRIN 


i • : 




54? 


•6722 


32 


335 




fcNL 


ADS 


543 


06723 


20 


330 




tJP 


IGH0K4 


544 


•6724 


11 


337 


J 


»*UB 


TaL»i«) 


545 


•6725 


20 


331 




/JP 


LFD 


546 


•6726 


32 


350 




fc*L 


Oi 


547 


•6727 


37 


335 




!>TL 


ADS 


550 


•6730 


23 


1 313 




CLJ 


on. I 


551 


• 6731 


23 


1 321 


IGNOHA CLJ 


ASRIN.I 


552 


•6732 


32 


336 


JLFO 


SENL 


30500 » 


553 


•6733 


37 


335 




STL 


ADS 


554 


•6734 


23 


316 




CLJ 


0Tl*4 


555 


•6735 




00000 


ADS 


OCT 




556 


•6736 
•4>737 
•6740 
•6741 
06742 
•6743 
•6744 
06745 
•6746 
•6747 
• 6750 
06751 




30500 
06766 
06752 
00077 
06010 
06613 
•6523 
00101 
00017 
00001 
00000 
37777 




KEN 
MRQ 
MRQ 
NK2 
MKg 

MRQ 
WRO 
MRD 
MHO 
MHO 
MHO 
MHO 
MRQ 





DATE 4/14/65. TIME 2/4J/59 A.M. 
°ROJCCT *0. 530053 PROGRAMMER 0, mEYJNG 



PaQE 19 



I 



557 




COD VFD 


560 




CDE MAC 


561 






COD 


562 






COD 


563 






COD 


564 






COD 


565 






COD 


566 






COD 


567 






COD 


570 






COD 


571 






TER 


572 




TBI OCOi 


572 1 


>6752 


33000 


COD 


572 1 


>6753 


33040 


COD 


972 1 


16754 


33100 


COD 


972 1 


16755 


33140 


coo 


972 ( 


>6756 


33200 


COD 


572 1 


16757 


33240 


COO 


572 1 


16760 


33300 


COD 


572 « 


)6761 


13340 


COD 


573 






8CDE 


573 1 


16762 


33400 


COD 


573 1 


16763 


33440 


* COD 


573 1 


16764 


35700 


COD 


573 I 


16765 


33640 


COD 


573 1 


16766 


30640 


coo 


573 1 


16767 


33500 


COD 


571 ( 


16770 


33700 


COD 


573 1 


16771 


32040 


coo 


574 






•CDE 


574 I 


>6772 


32540 


COD 


574 1 


>6773 


34040 


COD 


574 1 


J6774 


34100 


COD 


574 1 


16775 


34140 


COO 


574 I 


16776 


34200 


COD 


574 1 


16777 


34240 


COD 


574 ( 


17000 


34300 


coo 


574 1 


17001 


34340 


COD 


575 






•CDE 


575 i 


17002 


34400 


COD 



1APE NUMBER 447514 

1.8,5> 

A.B.C.D.E.r.G.H 

l.A. 

i.e. 

i.e. 

l.D. 
I.E. 
l.F, 
1.6. 

l.M, 

260.261.262.263.264.265.266.267 

1.260. 

1.261. 

1.262. 

1.263. 

1.264. 

1.26>. 

1.266. 

1.267. 

270.271.336.275.215.272.276.241 

1.270. 

1.271. 

1.336. 

1.275. 

1.215. 

1.272. 

1.276. 

1.241. 

253*301.302,303.304.305.306.307 

1.253. 

1.301. 

1.302. 

1.303. 

1.304. 

1.305. 

1.306. 

1.307. 

310.311.277,256.251,333.274.243 

1.310, 



0»TE 4/14/6). TIME 2/44/03 A,M : 



PA0I 2* 



CO 

i 

CO 



POOJECT NO. 


530053 


PWOSfUKHER a. 


KEYING 


TAPE NUHOE* 447514 


575 


07003 


34440 


COD 


1.311. 


57* 


• 7604 


33740 


COD 


1.277. 


575 


07005 


32700 


COD 


1.256. 


575 


•7606 


32440 


COD 


1.251. 


575 


•7007 


35540 


coo 


1.111. 


575 


O7O10 


33600 


COD 


1.274. 


575 


07011 


32140 


COD 


1.246. 


57* 






OCDE 


255.112.119.114. 915.11*. 317, 320 


57* 


•7012 


32640 


COD 


1.255. 


576 


07013 


34500 


COD 


1.312. 


576 


07014 


34540 


COD 


1.313. 


576 


• 7015 


34600 


COD 


1*314. 


576 


• 7016 


34640 


COD 


1.315. 


§76 


07017 


34790 


COD 


1.31*. 


576 


07020 


34740 


COD 


1*317. 


576 


07021 


35000 


COD 


1.120. 


577 






OCDE 


321. 122. 117. 744.252.3SS. 271,3*0 


577 


07022 


35040 


COD 


1.121. 


577 


07023 


35100 


COD 


1.122. 


577 


07024 


35740 


COD 


1.117. 


577 


• 7025 


32200 


SOD 


1.244. 


577 


07020 


32500 


COD 


1.252. 


577 


07027 


35640 


COD 


1.115. 


577 


0)7000 


33540 


COD 


1*271. 


577 


•7091 


34000 


COD 


1*100* 
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CONTACT CLOSURE OUTPUT VS. PROCESS INTERRUPT TEST(D20 

L. Purpose of Test 

To check up to four words of process interrupts by connecting them to the same 
number of contact closure output words. 

IL Description of Test 

The program consists of four parts. 

In part one, initialization, all contacts are opened and the corresponding interrupt 
images are cleared to positive zero. 

In part two, the following sequence is executed: close a contact, check for an 
interrupt (one and only one interrupt should occur); open the same contact, check 
for an interrupt (no interrupt should occur). All contacts are tested. 

In part three the following sequence is executed: close a contact, check for an 
interrupt (one and only one interrupt should oocur); repeat until all contacts are 
closed. 

In part four the following sequence is executed: open a contact check for an in- 
terrupt (no interrupt should occur); close a contact, check for an interrupt (one 
and only one interrupt should occur). All contacts are tested. 

III. Desc ription of Operation 

A. Read in the binary tape of the Contact Closure Output vs. Process Interrupt 
test using the bootstrapped binary loader. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X- Register with the starting location of the 
binary loader (X7602); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Place the binary tape under the tape reader. 

5. Turn the reader on. 

6. Depress the Start button. 

B. Enter the test parameters. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the S-Register with the parameter location. 

3. Using the probe, load the X- Register with the parameter constant; de- 
press the Start button. 

4. Repeat 2 and 2 until all the following parameters have been entered. 

Location Description 

RArtn. nnrA r*nntoM rtlnonre nut nut iC.C.(fi\ nnrrmletion interniDt 

location. 

5401 8 ASR ASR output completion interrupt location 

5402 8 ASRCHN ASR output channel number 
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Location Description 

5403s C0N Number of contacts which are connected to process 

Interrupts; the maximum number is 56|g. Bit 
of first CCCJ word is connected to first process in- 
terrupt, Bit 1 to second, etc. 

5404g PRI Location of first process interrupt which is con- 

nected to a contact closure output (CCGJ). The 
process interrupts are assigned sequentially to 
the CCfiJ's. 

54058 - CWDS Contact closure output (CC0) control words, one 
5410g for eaoh register. Eaoh oontrol word contains the 

word (bits 13-6) and the set channel (bits 5-0) for 

a particular output. 

C. Start the test 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X- Register with the starting location of the 
test (5410g); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Clear lockout and hit flip-flops using the probe; depress the Start button. 

D. Test runs continuously, printing out the following completion message on the 
ASR set after ten runs (one cycle). 

CC0-PRI TEST COMPLETE 

E. >Vhen an error occurs a message is printed out on the ASR set, and the test 
continues. The error message format Is: 

CC0INT IS aa SHOULD BE bb 

where 

aa = interrupt* which occurred (octal number) 
bb = interrupt* which should have ocourred 
(octal number) 



iv'. Storage 



Number of locations used: 2052 8 (5400g - 7451g) 

CC0 vs. Interrupt Test Cable 

Drawing 775A054 shows the connections for the CC0vs. Interrupt Test Cable. 

Note: This test will not check interrupts 0-17 (core location 1-20). 



* The Interrupt numbers assigned sequentially, beginning with one, to the prooess in- 
terrupts used for the test. That is, the first prooess interrupt used is one (01), the 

second is two (02), etc. 
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DATE V27/65. TIME 2/30/54 P t « > PAGE 

PROJECT NO. 530053 PROGRAMMER J.E. PHlLUPPl TAPE NUMBER 512606 

130 tJE 

131 05504 36 267 TEST1 KJP INITLX 

132 hTC 3801 
132 05505 32 256 bNL CONTAT 

132 05506 37 112 STL SB01*1 

133 KTC SB21 
133 05507 32 256 fcNL CONTAT 

133 05510 37 130 STL SBZl*l 

134 35511 36 1 344 VSB01 KJP SBO 

135 05512 00000 OCT 

136 STC 
136 05513 32 112 bNL L-l 

136 05514 37 256 STL CONTAT 

137 05515 32 350 WAITA BENl 10000) 

140 05516 01 1 i62 DCR ACC 

141 05517 27 115 PJP L-l 

142 05520 32 1 257 ENL ITABX.I 

143 05521 10 1 356 ADD SSl 

144 05522 37 1 257 STL ITABX.I 

145 05523 27 124 PJP L*2 

146 05524 24 125 JMP l*2 
£ 147 05525 36 240 KJP ERRl 

T 150 05526 36 277 KJP ZINTCK 

00 151 05527 36 1 351 SBZl KJP SBZ 

152 05530 00000 OCT 

153 05531 32 350 WAJTB BENL 10000) 

154 05532 01 1 362 DCR ACC 

155 05533 27 131 PJP L-l 

156 05534 32 1 257 ENL ITABX.I 

157 05535 20 136 ZJP L*2 

160 05536 36 1 343 V KJP E«R2 

161 05537 03 1 342 J S«B FLAG 

162 05540 36 277 KJP ZINTCK 

163 05541 36 1 346 KJP JCRCUN 

164 05542 01 257 DCR ITABX 

165 05543 01 1 345 DCR INDEXX 

166 05544 27 104 KJP TESTl^l 
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SSO 


337 


05716 


37 


1 


336 


STL 


INTR 


340 


05717 


24 





323 


JMP 


L*5 


341 


05720 


32 


1 


340 


ENL 


TT 


342 


05721 


11 





257 


SUB 


ITABX 


343 


05722 


36 


1 


337 


KJP 


CNVTA 


344 


05723 


37 


1 


336 


STL 


INTR 


345 


05724 


32 


1 


340 


ENL 


TT 


346 


05725 


11 





260 


SUB 


ITaH 


347 


05726 


36 


1 


337 


NJP 


CNVTA 


350 


05727 


37 


1 


335 


5.TL 
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DATE 4/27/65. TIME 2/31/11 P.H. p A6E 9 

PROJECT KG. 530053 PROGRAMMER J.S. PWILLIPPI TAPE NUMBER 512606 

351 05730 36 1 341 Rjp OTRCD 

352 05731 C7356 OCT FORMAT 
3=3 05732 24 277 JMP Z!*TCK*1 

"5733 Q7346 taRQ 

35734 06070 hRD 

05735 0^363 *«D 

05736 07372 KRD 

05737 06525 MRD 
C5740 06C71 *RD 
C5741 07000 XRp, 
05742 07344 *R£ 
"5743 07424 s3; 
C5744 07236 M^n 

M 03745 73^5 *:' r, 

f C5746 C7-.4.0 ,-..D 

C5747 C7j ■•: ^KO 

05750 1C3CC *PD 

05751 CT:;3 i.RD 
C5752 C73*i K<D 

05753 Of- 3 12 tR[i 

05754 0?J52 w&D 
Q57i:5 0C523 *?u 
'^T?' 373^:* *«r. 
C-5"^? 0720* *R3 
C"~7*C 070<* i»f?p 
"j s 'f \ ZHZ n ii»n 

u ' - - J v. j. ■. f.r. ;, 

C 3 7 3 v 7 « -'. ~ h? r> 

05764 3<-0CO fenf 
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DATE V27/65. TIME 2/51/14 P.r, p Ati g 10 

PROJECT NO. 530053 PROGRAMMER J.E. PH1LLIPPI TAPE NUMBER 512606 

80KG 6000 
RPT 55 
OCT 
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365 
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.'• 7 ' 
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ji 


: 
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a? 


-. - -■ 
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23 
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3 iii 


U 6 1 '.' " 




J - v -■ ' 


*66 


06103 
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Sd« 
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01 
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061G5 


05 
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06106 


23 
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367 








367 


06107 




00000 


367 


06110 


Or 


072 


567 


06111 


01 


G 002 


367 


06112 


C5 


072 
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DATE V27/65. TIME 2/31/22 P.M. 

PROJECT NO, 530053 PROGRAMMER J.t. PHJi-LIPPl TAPE NUMBER 512606 
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OJ 



367 


06113 


23 


1 107 


CLJ 


L-«, I 




370 








ITR 


52 




370 


06114 
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» • • 






370 


06115 
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072 


SDR 


TEMPK 




370 


06116 


01 


003 


OCR 


TABLfc- 


■52 


370 


06117 


05 


072 


EOR 


TEMPX 




370 


06120 


23 


1 114 


CLJ 


L-4.1 




371 








ITR 


51 




371 


06121 




00000 


« • • 






371 


06122 


06 


072 


SDR 


TEMPX 




371 


06123 


01 


004 


DCR 


TA8LE- 


■51 


371 


06124 


05 


072 


EDR 


TEMPX 




371 


06125 


23 


1 121 


CLJ 


L-4.1 




372 








ITR 


50 




372 


06126 
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• • • 






372 


06127 


06 


072 


SDR 


TEMPX 




372 


06130 


01 


005 


OCR 


TABLE- 


■50 


372 


06131 


05 


072 


fcDR 


TEMPX 




372 


06132 


23 


1 126 


CLJ 


L-4.1 
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ITR 


49 
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072 


SDR 


TEMPX 
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06135 
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006 


DCR 


TABLE- 


•49 
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06136 
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TEMPX 
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23 
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CLJ 
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ITR 


48 
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374 
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TEMPX 
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06142 
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007 
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TABLE- 


-48 


374 


06143 
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06144 


23 


1 140 


CLJ 


L-4.1 
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ITR 
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06145 
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375 


06146 


06 
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TEMPX 




375 


06147 


01 


010 
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TABLE- 


•47 


375 


06150 


05 
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EDR 


TEMPX 




375 


06151 


23 


1 145 


CLJ 


L-4.1 
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ITR 


46 
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DATE 4/27/65. TlHE 2/31/26 P.M. 

PROJECT NO. 530053 PROGRAMMER J.E. PHILLIPPI TAPE NUMBER 512606 



PAOE 
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06154 


01 


Oil 


OCR 


UBLE-46 


376 


06155 


05 


072 


EDR 


TEMPX 


376 


06156 


23 


I 152 


CLJ 


L-4.I 


377 








!TR 


45 


377 


06157 
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1 • • 




377 


06160 


06 


072 


SDR 


TENPX 


377 


06161 


01 


012 


OCR 


TABLE-45 


377 


06162 


05 


072 


EDR 


TEMPX 


377 


06163 


23 


1 157 


CLJ 


L-4.I 


400 








ITR 


44 


400 


06164 




OOOOO 


» • » 




400 


06165 


06 


072 


SDR 


TEMPX 


400 


06166 


01 


013 


U v R 


"ABLE-44 


400 


06167 


05 


072 


EDR 


TEMPX 


400 


06170 


23 


1 164 


CLj 


L-4.I 


401 








ITR 


•■3 


401 


36171 




00300 


• It 




401 


36172 


06 


072 


SDR 


TEMPX 


«61 


06173 


01 


014 


DCR 


TiSLS-*! 


*C1 


06174 


05 


072 


EDR 


T£M?X 


431 


96175 


23 


1 171 


CLJ 


- - ♦ : I 


402 








ITR 


42 


402 


96176 
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• if 




402 


36177 


06 


072 


S" c : 


TE!« B X 


402 


96200 


01 


3 215 


?CR 


TA3 : .S-«*.> 


*nz 


C*201, 


35 
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Tr-cl?^ 
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23 
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" ■ > i 
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"* 
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O'i 
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05 
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43S 


06207 


23 


1 203 


C. V 


L-- : ; 


4iH 








ITS 
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06 
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01 
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DATE 4/27/65. TIME 2/31/29 P.H, 

PROJECT NO. 530053 PROGRAMMER J.E. PHJLLIPPI TAPE NUMBER 512606 
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06215 
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405 


06216 


06 
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TEMPX 




405 


06217 


01 


020 
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TABLE- 


■39 


405 


06220 


05 


072 


EDR 


TEMP* 




405 


06221 


23 


1 215 


CLJ 


L-4.1 




406 








PR 
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406 


06222 
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406 


06223 


06 


072 


SDR 


TEMPX 




406 


06224 


01 


321 


OCR 


TABLE- 


■38 


406 


06225 


05 


S72 


EDR 


TEMPX 




406 


06226 


23 
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CLJ 


L-4,1 




407 








ITR 


37 




407 


06227 




00600 


• • • 






407 


06230 


06 


072 


SDR 


TEMPX 




407 


06231 


01 


B §22 


OCR 


TABLE- 


•37 


407 


06232 


05 


372 


EDP 


TFMPX 




407 


06233 


£ 'j 


i .-: i - : 


CLJ 


L-4,1 




410 








ITR 


36 




410 


06234 




00000 


t • 1 






410 


06235 


06 


072 


SDR 


TEMPX 




410 


06236 


01 


023 


OCR 


TABLE- 


■36 


410 


06237 


05 


072 


EDR 


TEMPX 




410 


06240 


23 


1 234 


CLJ 


L-4.1 




411 








ITR 


35 




411 


06241 




ocooo 


• a ■ 






411 


06242 


06 


0/2 


SDR 


T6MPX 




411 


06243 


01 


024 


OCR 


TABLE- 


•35 


411 


06244 


05 


072 


EDR 


TEMPX 




411 


06245 


23 


1 241 


CLJ 


L-4.1 




412 








ITR 


34 




412 


06246 




38000 


• • • 






412 


06247 


06 


072 


SDR 


TEMPX 




412 


06250 


01 


025 


DCR 


TABLE- 


•34 


412 


06251 


05 


072 


EDR 


TEMPX 




412 


06252 


23 


1 246 


CLJ 


L-4,1 




413 








ITR 


33 




413 


06253 
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• • • 






413 


06254 


06 


072 


SDR 


TEMPX 
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06255 


01 
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DCR 


TABLfe- 


■33 
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05 
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EDR 


TEMPX 
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«D 



DATE 4/27/ 


b5, TIME 


2/31/33 


P.M. 




PROJECT NC, 


530053 


PROGRAMMER J 


.E, PHRLIPPI TAPE NUMBER 


41.3 


06257 


23 


1 253 


CLJ 


L-4.1 


414 








ITR 


32 


41.4 


06260 




00000 






414 


06261 


06 


072 


SDR 


TEMPX 


41.4 


06262 


01 


027 


DCR 


TA8LE-32 


414 


06263 


05 


072 


EDR 


TEMPX 


«14 


06264 


23 


1 260 


CLJ 


L-4.1 


41.5 








ITR 


31 


415 


06265 




03000 






41.5 


06266 


06 


C 072 


SDR 


TEMPX 


415 


06267 


01 


030 


OCR 


TA8LE-31 


415 


06270 


05 


072 


EDR 


TEMPX 


41.5 


06271 


23 


1 265 


CLJ 


L-4,1 


416 








ITR 


30 


416 


06272 
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■ t • 




416 


06273 


06 


072 


SDR 


TEMPX 


416 


06274 


01 


031 


DCR 


TA3LE-30 


416 


06275 


05 


072 


EDR 


TEMPX 


41.6 


06276 


•»3 


1 272 


CLJ 


L-4.1 


417 








ITR 


29 


417 


06277 
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417 


06300 


06 


072 


SDR 


TEMPX 


417 


06301 


01 
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DCR 


TABLE-29 


417 
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EDR 


TEMPX 


417 


06303 


23 


1 277 


CLJ 


L-4,1 
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ITR 


28 


420 
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420 
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420 
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01 
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01 
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DATE 4/27/65. TIME 2/31/37 P.M. 

PROJECT NO, 530053 PROGRAMMER j. E , PHILLIPPI TAPE NUMBER 512606 
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•26 
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TEMPX 
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23 


1 316 


CLJ 


L-4,I 




423 








ITR 


25 




423 


06323 
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• • • 






423 


06324 
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072 


SDR 


TEHPX 




423 
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TABLE- 


■25 


423 


06326 
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423 
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23 
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CLJ 


L-4.I 
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ITR 


24 
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424 
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06 


072 


SOR 


TEHPX 




424 
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01 


037 
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TABLE- 


•24 


424 


06333 


05 


072 


EDR 


TEMPX 




424 


06334 


23 


1 330 


CLJ 


L-4,1 




425 








ITR 


23 




425 


06335 




00000 


• • t 






425 


06336 


06 


072 


SDR 


TEHPX 




425 


06337 


01 


040 


DCR 


TABLE- 


•23 


425 


06340 


05 


072 


EDR 


TEHPX 




425 


06341 


23 


1 335 


CLJ 


L-4,1 




426 








ITR 


22 




426 


06342 




00000 


ff ■ f 






426 


06343 


06 


072 


SDR 


TEHPX 




426 


06344 


01 


041 


DCR 


TABLE- 


•22 


426 


06345 


05 
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EDR 


TEHPX 




426 


06346 


23 


1 342 


CLJ 


L-4,1 




427 








ITR 


21 




427 


06347 
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• t • 






427 
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072 


SDR 


TEHPX 




427 
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042 
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TABLE- 


21 


427 


06352 
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TEHPX 




427 
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23 


1 347 


CLJ 


L-4.I 




430 








ITR 


20 




430 


06354 
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430 


06355 


06 


07? 


SDR 


TEHPX 




430 


06356 


01 
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TABLE- 


•20 
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19 





0AT6 4/27/65. TIME 2/31/41 P.M, 

MOJECT NO. 530053 PROGRAMMER J.E. PH1LLIPPJ TAPE NUMBER 512606 
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06361 
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431 


06362 
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431 


06363 


01 


044 
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TABLE- 


■19 


431 


06364 
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072 
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TEMPX 




431 


06365 


23 


1 361 


CLJ 


L-4.I 




432 








ITR 


18 




432 
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432 
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SDR 
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432 


06370 
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045 
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TABLE- 


IB 


432 
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432 


06372 


23 


1 366 


CLJ 


L-4. J 




433 








ITR 


17 




433 


0O373 




00000 


I • • 






433 


06374 


06 


072 


SDR 


TEMPX 




433 


06375 


01 


046 


DCR 


TABLfc- 


■17 


433 


06376 


05 


072 


EDR 


TEMPX 




433 


06377 


23 


1 373 


CLJ 


L-4. 1 




431 








ITR 


16 
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06400 




00000 


• ■ ■ 






434 


06401 


06 


1 166 V 


SDR 


TEMPX 




434 


06402 


01 


1 165 J 


DCR 


TABLE 


16 


434 


06403 


05 


1 166 


EDR 


TEMPX 




434 


06404 


23 


1 000 


CLJ 


L-4. I 
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ITR 


15 




435 


06405 




ooooo 


tit 






435 


06406 


06 


1 166 


SDR 


TEMPX 




435 


06407 


01 


1 164 j 
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TABLE- 


15 


435 


06410 


05 


1 166 


EDR 


TEMPX 




435 


06411 


23 


1 005 


CLJ 


L-4. I 
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ITR 


14 




436 


06412 




OOOOO 


• • • 






436 


06413 
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1 166 


SDR 


TEMPX 




436 


06414 


01 


1 163 J 
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TABLE- 


14 


436 


06415 


05 


1 166 
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TEMPX 




436 


06416 


23 


1 012 


CLJ 


L-4, I 
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ITR 


13 
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06417 
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■ 1 I 
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06420 
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1 166 


SDH 
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DATE 4/27/65. TIME 


2/31/45 P 


H. 




P»0JECT NO, 


530053 


PROGRAMMER J,E 


PH1LLIPPI TAPE 


437 


06423 


23 


1 017 


CLJ 


L-4. I 
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ITR 


12 
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06424 
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06425 


06 


1 166 


SDR 


TEMPX 


440 


06426 


01 


1 161 J 


DCR 


T AeSi. c - i.2 


440 


06427 


05 


1 166 


EUR 


TEMP* 


440 


06430 


23 


1 024 


CLJ 


L-4. I 


441 








I TR 


11 


441 


06431 
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441 


06432 


06 


1 166 


SDR 


TEMP? 


441 


06433 


01 


1 160 J 


DCR 


TABLE •:: 


441 


06434 


05 


1 166 


EOR 


TEMPX 


441 


06435 


23 


1 031 


CLJ 


L-4. I 


442 








ITR 


10 


442 


06436 




00000 


» . • 




442 


06437 


06 


1 166 


SDR 


TEMPX 


442 


06440 


01 


1 157 j 


DCR 


TA8LE-10 


442 


06441 


05 


1 166 


EDR 


TEMPX 


442 


06442 


23 


1 036 


CLJ 


L-4, I 


443 








ITR 


9 


443 


06443 




00000 


• ■ < 




443 


06444 


06 


1 166 


SDR 


TFMPx 


443 


06445 


01 


1 156 j 


DCR 


TA9LE-9 


443 


06446 


05 


1 166 


EDR 


TEMPX 


443 


06447 


23 


1 043 


CLJ 


L-4. I 


444 








ITR 


6 


444 


06450 




00000 


• • * 




444 


06451 


06 


1 166 


SDR 


TEMPX 


444 


06452 


01 


1 155 j 


DCR 


TABLfe-S 


444 


06453 


05 


1 166 


EOR 


TEMPX 


444 


06454 


23 


1 050 


CLJ 


L-4. t 


445 








ITR 


7 


445 


06455 




00000 


• • 1 




445 


06456 


06 


1 166 


SDR 


TEMPX 


445 


06457 


01 


1 154 j 


DCR 


TABLE-7 


445 


06460 


05 


1 166 


EOR 


TEMPX 


445 


06461 


23 


1 05"> 


CLJ 


L-4. I 


446 








ITH 


o 


446 


06462 




ooouo 


... 




446 


06463 


06 


1 1©6 


SDR 


fcMPX 



pace lb 



i 
to 

CO 



ATE 4/27/ 


65. TIME 


2 / i 1 / 4 <5 


ROJECT NO. 


530053 


PROGRAMMER 


446 


06464 


01 


1 153 


J 


446 


06465 


05 


5 166 




446 


06466 


23 


1 062 




447 










447 


06467 




00000 




447 


06470 


06 


1 166 




447 


06471 


01 


1 15? 


i 


447 


06472 


05 


1 166 




447 


06473 


23 


I 06 V 




450> 










450 


06474 




ooooo 




450 


06475 


06 


1 166 




450 


06476 


01 


1 151 


J 


450 


06477 


05 


1 166 




450 


06500 


23 


1 074 




451 










451. 


06501 




00000 




451 


06502 


06 


1 166 




451 


06503 


01 


1 150 


J 


451 


06504 


05 


1 166 




451 


06505 


23 


1 101 




452 










452 


06506 




00000 




452 


06507 


06 


1 166 




452 


06510 


01 


1 147 


J 


452 


06511 


05 


1 166 




452 


06512 


23 


1 106 




453 










453 


06513 




00000 




453 


96514 


06 


1 166 




455 


06515 


01 


1 146 


J 


45 5 


06516 


05 


1 166 




453 


06517 


23 


1 113 




454 










454 


06520 




00000 




454 


06521 


06 


1 166 




454 


063*2 


01 


1 145 


J 


454 


06523 


05 


1 166 




454 


06524 


23 


1 120 





■•"• PAL-r : 9 

J.E. PHILLIP!'; TAPE NUMBER 512606 



LASTAD 



PHILLIP!'; TAPE NUMBER 


DCR 


TABLE-6 


EDR 


TEMPX 


CLJ 


1-4. 1 


ITR 


5 


• • ♦ 

SDR 


TEMPX 


DCR 


TABL6-5 


EDR 


TEMPX 


CLJ 


L-J.l 


ITR 


4 


• ■ • 

SDR 


TEMPX 


UCR 


TABLE-4 


EDR 


TEMPX 


CLJ 


L-4.1 


ITR 


3 


• t t 

SDR 


TEMPX 


DCR 


TABLE-3 


EDR 


TEMPX 


CLJ 


L-4.1 


IT; 


2 


SDR 


TEMPX 


DCR 


TABLE-2 


EDR 


TEMPX 


CLJ 


L-4.1 


ITR 


1 


SON 


TEMPX 


DCR 


TABLE-L 


EDR 


TEMPX 


CLJ 


L-4.1 


D ITR 





t • • 

SDR 


TEMPX 


OCR 


T4BLE-0 


EDR 


TEH°X 


CL., 


L-4. 1 



•ATE <'27/65. TIME 2/31/53 P.H, 

fROJECT NO, 530053 PROGRAMMER J.E. PHILLIPPI TAPE NUMBER 512606 



PAGE 20 



i 

to 



455 










EJE 




456 


06525 




00000 


CNVTA 


• • • 




457 


06526 


37 


1 144 


J 


ST L 


SAVE 


460 


06527 


12 


143 


J 


8ANQ 


7) 


461 


06530 


37 


1 142 


J 


STL 


TEMP 


462 


06531 


32 


1 144 




ENL 


SAVE 


463 


06532 


12 


141 


J 


BAND 


70) 


464 


06533 


14 


1 140 


J 


LSH 


ACC 


465 


06534 


14 


I 140 




LSM 


ACC 


466 


06535 


14 


1 140 




LSM 


ACC 


467 


06536 


10 


1 142 




ADD 


TEMP 


470 


06537 
06540 
06541 
06542 
06543 
06544 
06545 
06546 
06547 
06550 
06551 
06552 
06553 
06554 
06555 
06556 
06557 
06560 
06561 
06562 
06563 
06564 
06565 
06566 


24 


1 125 
00101 
00070 
05655 
00007 
07354 
06067 
06066 
06065 
06064 
06063 
06062 
06061 
06060 
06057 
06056 
06055 
06054 
06053 
06052 
06051 
06050 
06047 
06072 




RTN 
MRD 
MHD 

NUB 
mKO 
MHQ 
MHD 
UNO 
mHQ 
MRD 
h«D 
*RD 
teRQ 
MRD 
MHD 
M«D 

MRD 
MRD 
MRQ 
*RU 

MRD 
MRD 





I 



DATE 4/27/65. TIME 


2/31/57 P.M. 


I 




PROJECT NO. 


530Q53 


PPtOGRANME: 


P- J.E. PHILLIPPI TAP 


471 






07000 




BORG 


7000 


4?? 


07000 




000^0 


OTRCD 


til 


P 


4?->i 


07001 


32 





000 




ENL 


OTRCD 


474 


"332 


10 





342 


4 


ADD 


1) 


475 


07003 


37 





030 




STL 


OTRCD 


476 


07004 


32 


1 


000 




ENL 


OTRCD. I 


4 77 


07005 


37 





035 




STl. 


OTADS 


500 


07006 


03 





036 




SMB 


OTIND 


50i 


07007 


32 


1 


035 


0TL0P 


ENL 


OTADS. 1 


502 


07010 


16 





036 




RSH 


OTIND 


50.5 


07011 


27 





017 




PJP 


SECND 


504 


07012 


16 


1 


341 


4 


RSH 


ACC 


505 


07013 


16 


1 


341 




RSH 


ACC 


506 


07014 


16 


1 


341 




RSH 


ACC 


507 


07015 


16 


1 


341 




RSH 


ACC 


510 


07016 


16 


1 


341 




RSH 


ACC 


511 


07017 


16 


1 


341 




RSH 


ACC 


512 


07020 


12 





341 


JSECND 


BAND 


77) 


513 


07021 


11 





340 




BSUB 


77) 


514 


07022 


20 


1 


000 




ZJP 


OTRCD. I 


515 


07023 


10 





340 




BADD 


77) 


516 


07024 


27 





Q'ii 




PJP 


1*2 


517 


07025 


32 





337 


J 


E'lL 


0) 


520 


37026 


36 





037 




RJP 


0T1 


521 


07027 


32 





035 




ENL 


OTADS 


522 


07030 


10 





342 




ADD 


D 


523 


07031 


16 





036 




RSH 


oriND 


524 


07032 


27 





004 




PJP 


0TL0P-2 


525 


070J3 


02 





036 




C1B 


0T[ND 


526 


07031 


24 





J06 




JHP 


0TL0P 


527 


07035 




00000 


OTAOS 


OCT 




940 


07036 




OOOQO 


OTIND 


OCT 





PACE 21 



PRINT =<:C0N0 TERMINATED BY 77 CODE 



DATE 4/27/65. TIME 2/32/00 P.M. 

»ROJ£Ci NO. 530053 PROGRAMMER J,E. PHILLIPPJ TAPE NUMBER 512606 
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531 












EJE 




532 


07037 




00000 


0T1 


• • i 




533 


07040 


10 





336 


J 


ADD 


T3l> 


534 


07041 


37 





061 




STL 


AOS 


535 


07042 


32 


1 


061 




ENL 


ADS.i 


536 


07043 


34 





000 


OUT 


OUT 




537 


07044 


01 


1 


337 




OCR 


PC 


540 


07045 




00000 


ASRIN 


• • • 




541 


07046 


32 





061 




ENL 


AOS 


542 


07047 


20 





054 




UP 


IGNOKA 


543 


07050 


11 





335 


J 


BSOB 


TdL*l4) 


544 


07051 


20 





055 




ZJP 


LTD 


545 


07052 


32 





33/ 




ENL 


0) 


546 


07053 


37 





061 




ST L 


AOS 


547 


07054 


23 


1 


037 




CLJ 


OT1.I 


550 


07055 


?^ 


* 


045 


IGN0R4 


i CLJ 


ASRIN. I 


551 


07056 


32 





33' 


JL?D 


8ENL 


33500) 


552 


07057 


37 


9 


061 




STL 


AOS 


553 


07060 


23 





042 




CLJ 


OTj.*4 


554 


07061 




00000 


ADS 


OCT 





I 
to 



DATE 4/27/65, TIME 2/32/02 P,M, p AGE 2 

PROJECT NO, 530053 PROGRAMMER J.E. PHILLlPPI TAPE NUMBER 512606 

555 EJE 

556 COD VTd 1,8.5 

557 CDE MAC A ,B . C. D. E.C ,G,H 

560 COD l.A. 

561 COD l.B, 

562 COD l.C. 

563 COD l.D. 

564 COD I.E. 

565 COD l.F, 

566 COD l.S. 

567 COD l.H, 

570 TER 

9 ' r l TBL 8CDE 260.261,262,263,264,265.266,267 

^ 57l 07062 33000 COD 1.260. 

^ 571 07063 33040 COD 1.261. 

• o *7i 0706* 33100 COD 1.262. 

-* 571 07065 33140 COD 1.263, 

571 07366 35200 COD 1.2M. 
571 07067 55240 COD 1,265. 
571 070*0 53300 COD 1,266, 

571 07071 33540 COD 1.267, 

5? 2 BCDE 270,271, 336, 275, 215, 272,27*, 241 

572 07072 5i 400 COD 1.270, 
572 07073 33440 COD 1,271, 
572 07074 35700 COD 1.336, 
572 07075 33640 COD 1,275, 
572 07076 306*0 COD 1.215, 
572 07077 33500 COD 1,272, 
572 07100 33700 COD 1,276, 

572 07101 32040 COD 1,241, 

573 6CDE 253.301.302.303.304,305**06,307 
573 07102 32540 COD 1.253, 

573 07103 34040 COD 1.301. 

573 07104 34100 COD 1.302. 

573 07105 34140 COD 1,303, 

573 07106 34200 COD 1.304, 

57i 07107 34240 COD 1,305. 

573 07110 34300 COD 1.306, 

573 07111 3434. COD 1.307. 

*'« 8C0E 310.311,277,256,251,333.274,243 



DAT£ 



i 

00 



4/27/65. TIME 2/32/06 P 


M ( 




T NO. 


530053 


PROGRAMMER J.E 


PHILLIPPI TAPE NUMBER 512606 


574 


07112 


34400 


COD 3 


L.310. 


574 


07113 


34440 


COD 3 


1.311, 


574 


0/114 


33740 


COD 3 


L .277. 


574 


07115 


32700 


COD 3 


L.256. 


574 


07116 


32440 


cod 3 


L.251. 


574 


07117 


35540 


COD 3 


L.333. 


574 


07120 


33600 


COO 3 


L.274, 


574 


07121 


32140 


COD 3 


L.243. 


575 






8CDE ; 


(55. 312. 313*314. 319. 316. 317. 920 


575 


07122 


32640 


COD 3 


L.255. 


575 


07123 


34500 


COD 3 


L.312. 


575 


07124 


34540 


COD 3 


L.313. 


575 


07125 


34600 


COD 3 


L.314. 


575 


07126 


34640 


COO 3 


1.315. 


575 


07127 


34700 


COD 3 


L.316. 


575 


07130 


34740 


COD 3 


L.317. 


575 


07131 


35000 


COD 3 


L.320. 


576 






BCOE 2 


121.322.337.144,252.335.273.300 


576 


07132 


35040 


COD 3 


L.321. 


576 


07133 


35100 


COD 3 


L.322. 


576 


07134 


35740 


COD 3 


L.337. 


576 


07135 


32200 


COD 3 


1.244. 


576 


07136 


32500 


COD 3 


L.252. 


576 


07137 


35640 


COD 3 


L.335. 


576 


07140 


33540 


COD 3 


L.273. 


576 


07141 


34000 


COD 3 


L.300. 


577 






8CDE ; 


J40. 257. 323. 324, 325. 326, 327, 330 


577 


07142 


32000 


COD 1 


L.240. 


577 


07143 


32740 


COO 3 


L.257. 


577 


07144 


35140 


COD 1 


L.323. 


577 


07145 


35200 


COD 3 


L.324. 


577 


07146 


35240 


COD 3 


L.325. 


577 


07147 


35300 


COD 3 


L.326. 


577 


07150 


35340 


COO 3 


L.327. 


577 


07151 


35400 


COO 1 


1.330. 


600 






BCOE 331.332,245.254,250.246.334,212 


600 


07152 


35440 


COD 3 


L.331. 


600 


07153 


35500 


COD 3 


L.332. 


600 


07154 


32240 


COD 3 


L.245. 


600 


07155 


32600 


COD 1 


L.254. 



page 24 



*» 



to 

CD 



DATE 4/27/65. Tl*E 2/32/10 P.M. 

PROJECT NO, 530053 PHUGRAfii^ J.fc, PHILLIPP1 TAPE MU*dtR 512606 



PAGF 25 



600 


07156 


3240P 


COD 1.250. 


600 


07157 


32300 


COD 1.246. 


*ao 


07160 


5 5'-' ;■ 


COD 1.334, 


600 


07161 


30500 


COD 1 • ?1*. 



DATE 4/27/65. TIME 2/32/11 P.M. 

PROJECT NO, 530853 PROGRAMMER J,E. PHILLIPPI TAPE NUMBER 512606 



PAGE 



i 

CO 

© 



60i 












EJE 






602 














ROUTINE 


TO SIMULATE 


603 


07162 




00000 


ACMR 


• • • 






604 


07163 


37 





220 




STL 


DATA 




605 


07164 


32 





162 




ENL 


ACMR 




606 


07165 


10 





342 




ADD 


D 




607 


07166 


37 





162 




STL 


ACWR 




610 


07167 


32 


1 


162 




ENL 


ACMR. I 




611 


07170 


37 





221 




STL 


REG 




612 


07171 


10 





333 


J 


ADD 


CMOS) 




613 


07172 


37 





222 




STL 


CMD 




614 


07173 


32 


1 


222 




ENL 


CMD. J 




615 


07174 


37 





223 




STL 


CHWD 




616 


07175 


32 





221 




ENL 


REG 




617 


07176 


10 





332 


J 


ADD 


BUD 




620 


07177 


37 





222 




STL 


CMD 




621 


072O0 


32 





331 


J 


ENL 


2) 




622 


07201 


37 





224 




STL 


IFLG 




623 


07202 


32 





220 




ENL 


DATA 




•24 


07203 


37 


1 


222 




STL 


CMD. I 




025 


07204 


34 


1 


223 


OUTC 


OUT 


CMmD. I 




626 


07205 


01 


1 


337 




OCR 


PC 




027 


07206 




00000 


INTCCO ,,, 






630 


07207 


32 





224 




ENL 


IFLG 




Oil 


07210 


20 





224 




2JP 


STOP 




032 


07211 


01 





224 




OCR 


IFLG 




033 


07212 


20 





216 




ZJP 


L*5 




034 


07213 


01 





223 




OCR 


CHMD 




035 


07214 


32 


1 


222 




ENL 


C*D.I 




030 


07215 


13 





330 


J 


OE OR 


37777* 




037 


07216 


23 





203 




CLJ 


OUTC 




040 


07217 


23 


1 


162 




CLJ 


ACMR. I 




041 


07220 




00000 


DATA 


OCT 






042 


07221 




00000 


REG 


OCT 






043 


07222 




00000 


CHO 


OCT 






044 


07223 




00000 


CHMO 


OCT 






045 


07224 




00000 


IFLG 


OCT 






040 


07225 


00 





077 


STOP 


OSTP 


77 




047 










our 


RPT 







090 


07220 




00000 




OCT 







ACM MITHQUT EXECUTIVES. 



DATE 4/27/65. TIME 2/32/15 P.M. p A(JE 2? 

P«0JECT NO. 530053 PROGRAMMER J.E. PhILLIPPI T*PE NUMBfR 51260* 



4^ 
I 

CO 



07227 00000 

07230 00000 

Q7231 00000 

07232 aoooo 

07233 00000 

07234 00000 

07235 00000 



DAlfc -Z27/65. TIME 2/Si/\b P.M. p AUE 2 

W»OJCCT i'O. 530053 PROGRAMMER J.E. PhUlIPPI TAPE NUMBER 512606 

651 bJE 

*52 ROUTINES FOR SBO AND SBZ WITHOUT EXECUTIVES. 

653 07236 00000 SBO 

654 07237 32 330 ENL -) 

655 07240 37 305 STL MASK 

656 07241 32 236 ENL SBO 

657 07242 24 246 JMP S8Z*4 

660 07243 00000 SBZ 

661 07244 32 337 ENL 0> 

662 07245 37 305 STL MASK 

663 07246 32 243 fcNL SBZ 

664 07247 10 342 ADD 1) 

665 07250 37 243 STL SBZ 

666 07251 32 1 243 ENL SBZ.! 

667 07252 12 327 J BAND 17) 

670 07253 37 306 STl BIT 

671 07254 32 1 243 ENL SBZ. I 

672 07255 16 1 341 RSH ACC 

673 07256 16 1 341 RSH ACC 

674 07257 16 1 341 RSH ACC 

675 07260 16 1 341 RSH ACC 

£ 676 07261 37 277 STL AC«C*1 

i 677 07262 10 332 ADD BUF) 

" 700 07263 37 307 STl INIT 

701 07264 32 306 ENL BIT 

702 07265 10 326 J ADD MAST) 

703 07266 37 306 STL BIT 

704 07267 32 1 306 ENL BIT. I 

705 07270 37 306 STL BIT 

706 07271 32 305 ENL MASK 

707 07272 27 300 PJP SBZX 

710 07273 13 306 EOR BIT 

711 07274 12 1 307 AND INIT. I 

712 07275 13 306 EOR BIT 

713 07276 36 162 ACWC RJP ACMR 

714 07277 00000 OCT 

715 07300 24 1 243 KTN 

716 07301 32 330 SBZX EN L -> 

717 07302 13 306 EOR BIT 
720 07303 12 1 307 AND INIT. I 



DAT£ 4/?7/65. TI*F 2/32/?.; P.*, p AO g 

PHOJECT NO. 530053 PROGRAMMER j.e. PHILLIPPI TAPE NUMBER 512606 

JHP ACrfC 

OCT 

OCT 

OCT 

OCT 1.2, 4. 10*20.40. 100, 20 0.400, 1000. 2000.4 000. 10000, 20000 



i 

00 
CO 



721 


07304 


24 275 




722 


07305 


00000 


MASK 


723 


07306 


00000 


BIT 


724 


07307 


00000 


INIT 


725 


07310 


00001 


MAST 




07311 


00002 






07312 


00004 






07313 


00010 






07314 


00020 






07315 


00040 






07316 


00100 






07317 


00200 






07320 


00400 






07321 


01000 






07322 


02000 






07323 


04000 






07324 


10000 






07325 


20000 




726 










07326 


07310 






07327 


00017 






07330 


37777 






07331 


00002 






07332 


07226 






07333 


05405 






07334 


30500 






07335 


07076 






07336 


07062 






07337 


00000 






07340 


00077 






07341 


00101 






07342 


00001 





GEN 
WRD 
n«D 
MHO 
WRD 
NRD 
NRD 
NKD 
NRD 
NHD 
NRD 
n«D 

NHD 

NRD 



DAft «/?7/6V 



T lME 2/iJ/i- F.- 



PAGE 3 



PROJECT NO, 530053 PPOGRAHMgW 



PhULIP^I TAPE NUMBER 512606 



i 



727 


07343 


00000 


CTk 


OCT 




730 


07344 


00000 


r L'G 


l>rj 




731 


07345 


00000 


INDfcXX 


OCT 




73? 


07346 


00000 


SSX 


OCT 




733 


0/347 


00000 


SSO 


OCT 





734 


07350 


00001 


SSI 


OCT 


1 


735 


07351 


00002 


SS2 


OCT 


2 


736 


07352 


00015 


SS15 


OCT 


15 


737 


07353 


00017 


SS17 


OCT 


17 


740 


07354 


00000 


SAVE 


OCT 




741 


07355 


00000 


LAST 


OCT 




74? 


07356 
07357 
07360 
07361 
07362 


02323 
04631 
04563 
06031 
06260 


FORMAT 


BCD 


05CCOINT IS 


743 


07363 


00000 


INTM 


OCT 




744 


07364 


06060 




OCT 


6060 


745 


07365 
07366 
07367 
07370 
07371 


06230 
04664 
04324 

06022 
02560 




BCD 


05SHOULD BE 


746 


07372 
07373 


00000 
01477 


INTR 


OCT 


.1477 


747 


07374 
07375 
07376 
07377 
07400 
07401 
07402 
07403 
07404 
07405 
07406 


02323 
04640 
04751 
03160 
06325 
06263 
06023 
04644 
04743 
02563 
02560 


COMPLT 


BCD 


11CCO-PRI T 


750 


07407 


01477 




OCT 


1477 



TIRST CONTACT 



DATE 4/27/65. TIME 2/32/?b P.M. p AGg 31 

PROJECT NO. 530053 PROGRAMMER J.E. PHlLLIPPI TAPE NUMBER 512606 

751 EJE 

752 07410 00000 ICRCOn ,., 

753 07411 32 1 051 J ENL CONTAT 

754 07412 10 1 050 J ADD SSl 

755 07413 37 1 051 STL CONTAT 

756 07414 12 1 047 j AND SS17 

757 07415 11 1 046 j sub SS15 

760 07416 27 017 pjp ICPWRD 

761 07417 24 l 010 HTn 

762 07420 32 1 045 ,/ICRWRD fc N L SS2 

763 07421 10 1 051 ADD CONTAT 

764 07422 37 1 051 5T L CONTAT 
^ 765 07423 24 l 010 HTN 

>f- 766 07424 00000 ERR2 

W 767 07425 32 1 044 j EN,. TT 

01 770 07426 11 1 043 j SUB ITaBX 

771 07427 36 1 042 J RJP CNv^a 

772 07430 37 1 041 J STL INT., 

773 07431 32 1 040 J ENL SSO 

774 07432 37 1 037 j sTl INTR 

775 07433 36 1 036 J RjP OTRCJ 

776 07434 07356 OCT FORMAT 

777 07435 24 1 024 RTn 

07436 07000 wRD 

07437 G7372 WRD 

07440 07347 wRD 

07441 07363 wRD 

07442 06525 uRD 

07443 05657 WRD 

07444 06071 WRL 

07445 07351 WRD 
0/446 07352 WRD 
07447 07353 WR& 

07450 07350 WRD 

07451 05656 WPD 
lOOf 00000 fcND 



I 

CO 

en 



BAlf 4/?7/65. TIME 2/32/31 P.M. P*5E 32 

PROJECT NO. 530053 PROGRAMMER J.E. PHILLJPPI TAPE NUMBER 512606 
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COMPLETED 4/27/65. 2/32/31 P.M. 
NUMBER OP INPUT RECORDS 5l2. 
NUMBER OP OUTPUT RECORDS 1046, 
NUMBER OP BINARY RECORDS 925. 



P-50 CCI TEST WITHOUT CABLES D37A 

I. Purpose of Test 

To perform a simple "go-no go" test on the multiplexed and/or non- multiplexed 
contact closure input registers. 

II. Description of Test 

The program will test up to fourteen multiplexed CCI registers and up to fourteen 
non- multiplexed CCI registers per run. 

Non- multiplexed CCI registers are tested if NG^NMUL is not zero; multiplexed CCI 
registers are tested if MLTPLX is not zero. (NC^NMUL and MLTPLX are input 
parameters.) 

When a register is read, if the contents are zero, the test continues. If the con- 
tents are nonzero, the bit pattern output to select the register (multiplexed) or the 
input channel (non- multiplexed) and the reading are printed in binary; the test con- 
tinued. 

III. Description of Operation 

A. Read in the binary tape of the test using the bootstrapped binary loader. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the 
binary loader (7602s, 17602a, 276028. or 37602a); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Place the binary tape under the tape reader. 

5. Turn the reader on. 

6. Depress the Start button. 

B. Enter the test parameters 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the S- Register with the parameter location. 

3. Using the probe, load the X-Register with the parameter constant; depress 
the Start button. 

4. Repeat steps 2 and 3 until all parameters needed ha e been entered. 
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Location 



200c 



201. 



202 g 
203g 



216 
217 



220 8 
221 8 

234 8 
235 8 

265 8 
270 8 



uf CCI input 
request interrupt 

a CCI cycle com- 
plete interrupt 

jf logger 
interrupt 

335 Q 



Parameter 
-N0NMUL- 
-MLTPLX- 



One , blt 
set 



Input 
Channel 



-340XX 
-300XX. 

24276 8 

24271g 

24734 8 
. 340XX 



Description 

Number of non- multiplexed CCI regis- 
ters to be tested (0-14io). 
Number of multiplexed CCI registers 
to be tested (0-14io). 
Bit to output to select register 16 8 
Bit to output to select register 15g 



Bit to output to select register 2 8 
Bit to output to select register 1 8 

Input channel, non- multiplexed register 

168 

Input channel, non- multiplexed register 

158 



Input channel, non- multiplexed register 
2 

.Input channel, non- multiplexed register 
1 

.XX is multiplexed CCI address select 
channel 
XX is multiplexed CCI input channel 

Transfer for multiplexed CCI input 
request interrupt 

Transfer for multiplexed CCI cycle 
complete interrupt 

Transfer for ASR or Selectric com- 
pletion interrupt 
XX is ASR or Selectric output channel 



(Load following only if Selectric logger is used; do not load if 
ASR set is used for printout.) 

Location Parameter Description 

337 8 37410 8 Selectric code for "1" 

340 8 05400 8 Used to get code for "0" 

34 1 8 OOllOg Selectric code for space 

342 8 00050 8 Selectric code for carriage return 

343 8 OOllOg Selectric code for space 
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C. Start the Test 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the test 
(237g); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Depress the Start button. 

D. The test runs continuously. When a register is read and the contents are not 
zero, the following printout occurs: 

xxxxxxxxxxxxxx yyyyyyyyyyyyyy 

where x...x is the bit pattern output (for a multiplexed CCI register) or x...x 
is the input channel (for a non- multiplexed CCI register) and y...y is the regis- 
ter contents. 

IV. Storage 

Number of locations used; 161g (200g-360g) 
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P-50 *UL'. IPcfcxfcD *ND KON-MLH.TIPLfc*eO CCI TEST rfJTHOUT CA8LES 



i 



1 
3 

t> 
6 
7 
10 
11 
12 
13 
14 



15 
16 
17 
20 
21 
22 
23 
24 



tra^QO 



00201 



00*02 
00*03 
00*04 
00*05 
00206 
00*07 
00210 
00211 
00212 
00213 
UU214 
00*15 
00216 
U0217 



00220 
00221 
00*22 
00*23 
00224 
00*25 
00226 
00227 



Od?00 
oaooo 

00000 



00000 
00000 

ooooo 

OttOOO 

ooooo 

00600 

ooooo 

ooooo 

OttOOO 

ooooo 
ooooo 

ooooo 
ooooo 
ooooo 

00217 



ooooo 
ooooo 
ooooo 
ooooo 

ooooo 
ooooo 
ooooo 
ooooo 



P-50 CCI TfeST MI THOU T CABLES P-50 D37A 

TfcSTS MULTIPLEXED AND/OH NON-MULT IPLEXED CCI 
BUMS 200 



mONHUL DEC 



hltplx dec 



MUittfEft MOM -MULTIPLEXED CCI REGISTERS TO BE TESTED 
UP TO 14 HON MULTIPLEXED REGISTERS PER RUN CAN BE 
TESTED 

NUMBER NULTIPLEXEO CCI REGISTERS TO BE TESTED 
UP TO 14 MULTIPLEXED REGISTER PER RUN CAN BE TESTED 



HPT 14 
OCT 



WULTAB STN L-l 



THIS LOCATION CONTAINS THE BIT NUMBER OF THE 
FIRST MULTIPLEXED CCI REGISTER TO BE READ. BIT 
NUMBERS FUR SUCCEEDING MULTIPLEXED CCI REGISTERS 
ARE PLACED IN SEQUENTIALLY DESCENDING LOCATIONS. 
ALL MULTIPLEXED REGISTERS MUST BE ON THE SaME CHANNEL 



MPT 14 
OCT 
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P-50 MULTJPLfcXED AND NON-MULTIPLEXED CCI TEST WITHOUT CABLES 

00230 00000 

00231 00000 

00232 00000 

00233 00000 

00234 00000 

00235 00000 

25 00233 NONTAB SYN L-l THIS LOCATION CONTAINS THE INPUT CHANNEL NUMBER OF THfe 

26 F1HST NON-MULTIPLEXED CCI HE6ISTEH TO BE TESTED. 

27 CHANNEL NUMBERS FOR SUCCEEDING NON-MULTIPLEXED 

30 CCI REGISTERS ARE PLACED IN SEQUENTIALLY DESCENDING 

31 LOCATIONS. 



en 
i 
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P-50 HUiTlPLfcXED AND NON-MULT IPLEXED CCI TEST M1TMOUT CABLES 

32 bJE 
33 

34 00*36 32 23b INSI ENL NONTAB 

35 00i!37 30 000 BLKINT INT ♦• 
36 

37 00*40 32 200 NQNSTR eNl NONMUL NON-MUL? IPLEXED STaRT LOCATION 

40 00*41 k!0 256 UP HULSTR 

41 00242 37 353 STL NONCNT 

42 00243 32 235 R£STRl ENL NONTAB 

43 00244 01 243 UCR L-l 

44 00*45 37 356 STl PRTLUC 

45 00246 10 237 ADD BLKINT 

46 00247 37 250 STL L*l 

47 00250 30 000 INT •• •• IS NON-MULTIPLEXED INPUT CHANNEL 

50 00251 dO 252 UP H 

51 00*52 36 303 RJP PRINT 

52 00253 01 353 N OCR NONCNT 

53 00254 27 242 PJP RESTH1 

54 00255 32 236 ENL INSI 

55 00256 37 243 STL RESTK1 
56 



i 



PAGE 4 

P-50 MULTIPLEXED AND NON-MULT IPLEXED CCI TEST WITHOUT CABLES 



i 



57 

60 

61 

62 

63 

64 

65 

66 

67 

70 

71 

72 

73 

74 

75 

76 

77 

100 

101 

102 

103 

104 

105 

106 



00257 
00260 
00261 

U0262 
00263 
U0264 
U0265 
00266 
U0267 
00270 

O0271 
00272 
00273 
00274 
OUL'75 
00276 
00277 
U0300 
0U301 
00302 



32 
20 
37 
A? 
01 
47 
34 
23 
01 
30 

24 

37 
20 
36 
01 
27 
32 
37 
24 
32 



201 
237 
354 
217 
262 
356 
000 
266 
000 
000 

265 
355 
274 
303 
354 
261 
302 
262 
237 
217 



fcJE 



BEGINNING OF MULTIPLEXED CCI TEST, 



MULSTR ENL HLTPLX 
UP NONSTH 
STL MLTCNT 

*ESTR2 ENL HULTAB 
OCR L-l 
S»Tl PRTLUC 
UUT •• 

INWATE CLJ L*l 
DCR PC 

OUTINT JNT m* 



START OF MULTIPLEX TEST 



•• IS MULTIPLEX ADDRESS SELECT CHANNEL 



JMP INWATE 
1NINT STL PRTLUC-1 
UP M 
NJP PRINT 
M DCR MLTCNT 
PJP R6STK2 
ENL HS2 
STL R6STK2 
jnp NONSTK 
INS2 ENL NULTA8 



•• IS MULTIPLEXED INPUT CHANNEL NUMBER 
OUTINT IS ADDRESS COMPLETE INTERRUPT ENTRY 
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P-50 MULTI^LfcXtD *ND NON-MULT JPlEXED CC I TEST WITHOUT CABLES 



en 
i 
oo 



107 












fcJE 




110 














PrtINT SUI 


HI 


00303 




00000 


PRINT 


• • i 




H2 


00304 


37 





3t>t> 




Ml 


PRTLUC-1 


113 


00305 


32 





344 




bNL 


TrfO 


114 


00306 


37 





357 




bTL 


CNTl 


115 


00307 


32 





34t> 




ENL 


1N2 


116 


00310 


37 





314 




SU 


R2 


117 


00311 


32 





346 


L2 


ENL 


FORTEN 


120 


00312 


37 





360 




STL 


CNT2 


121 


00313 


32 





337 


LI 


ENL 


ONECHR 


122 


00314 


14 





356 


R2 


L!>H 


PRTLUC 


123 


00315 


25 





316 




CJP 


L*2 


124 


U0316 


11 





340 




SUB 


FORTY 


125 


00317 


36 





334 




HJP 


OUT 


126 


U0320 


01 





360 




OCR 


CNT2 


127 


00321 


27 





312 




PJP 


LI 


130 


00322 


01 





314 




DCR 


R2 


131 


00323 


32 





343 




ENL 


SPACfc 


132 


00324 


36 





334 




HJP 


OUT 


133 


00325 


01 





357 




OCR 


CNTl 


134 


00326 


27 





310 




PJP 


L2 


135 


00327 


32 





342 




ENL 


CARRGE 


136 


00330 


36 





334 




HJP 


OUT 


137 


00331 


32 





341 




ENL 


LF 


140 


00332 


36 





334 




RJP 


OUT 


141 


00333 


24 


1 


303 




RTN 




142 


00334 




ooooo 


OUT 


• • i 




143 


00335 


34 





000 




OUT 


• • 


144 


0U336 


24 





265 




JMP 


INNATE 


145 


00337 




13040 


ONECHR 


OCT 


13040 


146 


00340 




00040 


FORTY 


OCT 


40 


147 


00341 




10500 


LF 


OCT 


10500 


150 


00342 




10640 


carrge 


UCT 


10640 


151 


00343 




12000 


SPACE 


OCT 


12000 


152 


00344 




00002 


TWO 


OCT 


2 


153 


00345 


14 





356 


IN2 


LSH 


PRTLUC 


154 


00346 




00016 


FORTEN 


DEC 


14 


155 






00353 


NONCNT 


SYN 


L*4 


156 






00354 


HLTCNT 


SYN 


NONCNT*! 



ASR OR LOGGER CHANNEL NO, 

FOR SELECTRIC OUTPUT USE UCT 37410 
FOR SELECTRIC OUTPUT USE OCT 5400 
FOR SELECTRIC OUTPUT USfe OCT HO 
FOR SELECTRIC OUTPUT USE OCT 50 
FOR SELECTRIC OUTPUT USE OCT 110 



P-50 *■ - i_ T 1 P L - k - U kHO nOn-mOlTIPlEXED CCJ TEST »<ITh:>uT CABLES 

157 003S6 PRTUOC SYN HlTCWT*2 

160 ii'JZs? CNT1 5,tN PKTLoOl 

1ft' 00 36C CNT2 SYN CNTj+1 

162 CJvjii fcND 



INTERRUPT TEST WITHOUT CABLES D38A 

I. Purpose of Test 

To perform a simple "go-nc go" test on one to sixteen interrupts. 

II. Description of Test 

Up to sixteen interrupts may be tebted by storing transfer commands in sixteen 
interrupt locations. 

The test prints the relative interrupt number in binary when an interrupt occurs. 
The printout format is "0O0000000XXXXX", where XXXXX is UOOOL - IOOOO2. 

III. Description of Operation 

A. Read in the binary tape of the test using the bootstrapped binary loader. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the 
binary loader (7602s, 17602g, 27602 8 , or 37602 S ); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Place the binary tape under the tape readei 

5. Turn the reader on. 

6. Depress the Start button. 

B. Enter the test parameters 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the S-Register with the parameter location. 

3. Using the probe, load the X-Register with the parameter constant; depress 
the Start button. 

4. Repeat steps 2 and 3 until all parameters needed have been entered. 

Description 

Transfer for 1st interrupt 
Transfer for 2nd interrupt 
Transfer for 3rd interrupt 
Transfer for 4th interrupt 
Transfer for 5th interrupt 
Transfer for 6th interrupt 
Transfer for 7th interrupt 
Transfer for 8th interrupt 
Transfer for 9th interrupt 
Transfer for 10th interrupt 
Transfer for 11th interrupt 
Transfer for 12th interrupt 
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Location 


Parameter 


of ist interrupt 


36 257 


of 2nd interrupt 


36 264 


of 3rd interrupt 


36 271 


of 4th interrupt 


36 276 


of 5th interrupt 


36 303 


ot utn interrupt 


36 310 


of 7th interrupt 


36 315 


of 8th interrupt 


36 322 


of 9th interrupt 


36 327 


of 10th interrupt 


36 334 


of 11th interrupt 


36 341 


of 12th interrupt 


36 346 



Description 

Transfer for 13th interrupt 
Transfer for 14th interrupt 
Transfer for 15th interrupt 
Transfer for 16th interrupt 
Transfer for ASR or Selectric logger 
ASR or Selectric output channel 

(Load following only if Selectric logger is used; do not load if ASR set is 
used for printout.) 



Location 


Parameter 


of 13th interrupt 


36 353 


of 14th interrupt 


36 360 


of 15th interrupt 


36 365 


of 16th interrupt 


36 372 


of logger interrupt 


24 637 


240 8 


34 OXX 



244 8 


37410 8 


Output Code for "1" 


245 8 


05400 8 


Output Code for "0" 


246 8 


00050 8 


Output Code for carriage return 


247 8 


00110 8 


Output Code for space 


250 8 


00110 8 


Output Code for space 



C. Start the test 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the test 
(203 8 ); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Depress the Start button. 

D. The test runs continuously, printing the relative number (I-I610) of any inter- 
rupt which occurs. 



IV. Storage 

Number of locations used: 



177 8 (2008 - 376 8 ) 
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03 
CO 



1 














P-50 INTERRUPT TEST WITHOUT CABLES P-ffl D38A 


2 
3 






00200 




80KG 


200 


4 


00200 




00000 


save 


• • • 


THIS ROUTINE IS ENTERED WITH A NUMBER IDENTIFYING The 


5 














INTERRUPT IN TH£ ACCUMULATOR. THIS NUMBER IS PAINTED 


6 














ON EITHER ASR OR SELECTHIC TYPER. 


7 


00201 


01 





243 




DCS 


MARKER 


10 


U02Q2 


37 


1 


243 




STL 


MARKER, I 


11 


00203 


23 


1 


200 




CLj 


SAVE, I 


12 


00204 


32 





256 


JSTART 


ENL 


TABLE) 


13 


00205 


11 





243 




SUB 


MARKER 


1* 


00206 


20 





23J 




iJP 


DONE 


15 


U0207 


32 


1 


243 




cNi. 


MAR«c"<. I 


16 


00210 


27 





214 




PJ 3 


FNr'NE 


17 


00211 


32 





243 




cNL 


MAW«f» 


20 


00212 


10 





255 


4 


ADD 


1) 


21 


00213 


37 





243 




iT L 


HklKz* 


22 


00214 


22 





203 




>-J 


STr ' 


23 


00215 


37 





>:>3 


f SDJN? 


; sT w 


T 


24 


00216 


03 


1 


c-i 




jHs 


.1 » ■, ( . ; 


?5 


00217 


32 





234 


,' 


rN; 


l* 


24 


00220 


37 





377 




i • • 


c ■* 


27 


00221 


32 





244 


LI 


E r ««. 


on : :ir 


30 


00222 


14 





253 




LSH 


TAy-c 


31 


10223 


25 





224 




CjP 


1*2 


32 


00224 


11 





245 




sua 


ZERCH^ 


33 


00225 


36 





237 




RJP 


OUT 


3* 


00226 


01 





377 




OCR 


CNT 


35 


00227 


27 





220 




PJP 


LI 


36 


00230 


32 





246 




ENL 


CARRGE 


37 


00231 


36 





237 




RJP 


OUT 


40 


00232 


32 





250 


* 


t*L 


LF 


41 


00233 


36 





237 




RJP 


OUT 


42 


00234 


23 





234 


DONE 


CLJ 


IU 


43 


00235 


32 





256 




ENL 


TABLE) 


44 


00236 


22 





203 




SLJ 


START 


45 


00237 




00000 


OUT 


t • i 




46 


00240 


34 





000 




OUT 


♦• TYPER OUTPUT CHANNEL 


47 


00241 


23 





241 




CLJ 


L*l 


53 


00242 


01 





000 




DCR 


PC 



PACE 2 
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51 


00243 


00253 


MARKER 


OCT 


TABLE 


52 


00244 


13040 


ONECHR 


OCT 


13040 


53 


00245 


00040 


ZERCHR 


OCT 


40 


54 


00246 


10640 


CARRGE 


OCT 


10640 


55 


00247 


12000 


SPACE 


OCT 


12000 


56 


00250 


10500 


LP 


OCT 


10500 


57 


U0251 


20000 




OCT 


20000 


60 


00252 


20000 




OCT 


20000 


61 


00253 


20000 


TABLE 


OCT 


20000 


62 




00377 


CNT 1 


BEQU 


377 


63 








SEN 






00254 


00016 




HRD 






00255 


00001 




MHO 






00256 


00253 




KRD 





FOR SELECTRIC OUTPUT USE OCT 37410 

FOR SELECTRIC OUTPUT USE OCT 5400 

FOR SELECTRIC OUTPUT USE OCT 50 

FOR SELECTRIC OUTPUT USE OCT 110 

FOR SELECTRIC OUTPUT USE OCT 110 



I 
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05 
I 
Ol 



64 

65 














66 


00257 




ooooo 


1INT 


• • • 




67 


00*60 


32 


263 




ENL 


ONE 


70 


00261 


36 


200 




KJP 


SAVE 


71 


00262 


24 


1 257 




RTN 




72 

73 

74 


UQ263 




00001 


ONE 


DEC 


1 














75 


00264 




00000 


2INT 


• • • 




76 


00265 


32 


270 




ENL 


TWO 


77 


00266 


36 


200 




RJP 


SAVE 


100 


00267 


24 


1 264 




RTN 




101 


00270 




00002 


TWO 


DEC 


2 


10 2 














103 














104 


00271 




ooooo 


3JNT 


> • • 




105 


00272 


32 


275 




ENL 


THREE 


106 


00273 


36 


200 




KJP 


SAVE 


107 


00274 


24 


1 271 




RTN 




no 


00275 




00003 


THREE 


DEC 


3 


111 














112 














113 


00276 




ooooo 


4JNT 


• • • 




U<» 


00277 


32 


302 




ENL 


FOUR 


115 


00300 


36 


200 




KJP 


SAVE 


116 


00301 


24 


1 276 




KTN 




117 


00302 




00004 


FOUR 


DEC 


4 


120 














121 














122 


00303 




ooooo 


5INT 


i • f 




123 


00304 


32 


307 




ENL 


FIVE 


124 


00305 


36 


200 




RJP 


SAVE 


125 


00306 


24 


1 303 




KTN 




126 


00307 




00005 


FIVE 


DEC 


5 


127 














130 














131 


00310 




ooooo 


6JNT 


• • • 




13? 


00511 


32 


314 




ENL 


SIX 


133 


00312 


36 


200 




KJP 


SAVE 



FIRST INTERRUPT SUBROUTINE 



INTERRUPT NUMBER 

SECOND INTERRUPT SUBROUTINE 



INTERRUPT NUMBER 

THIRD INTERRUPT SUBROUTINE 

INTERRUPT NUMBER 

FOURTH INTERRUPT SUBROUTINE 

INTERRUPT NUMBER 

FIFTH INTERRUPT SUBROUTINE 

INTERRUPT NUMBER 

SIXTH INTERRUPT SUBROUTINE 
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C5 



134 


00313 


24 


1 310 




RTN 




135 


00314 




06006 


six 


DEC 


6 


136 














137 














140 


00315 




otooo 


7INT 


• • • 




141 


00316 


32 


321 




ENL 


SEVEN 


142 


00317 


36 


200 




RJP 


SAVE 


143 


00320 


24 


1 315 




RTN 




144 


00321 




06007 


SEVEN 


DEC 


7 


145 














146 














147 


00322 




06000 


6|NT 


t • i 




150 


00323 


32 


326 




ENL 


EI6HT 


151 


00324 


36 


200 




RJP 


SAVE 


152 


00325 


24 


1 322 




RTN 




153 


00326 




06010 


EIGHT 


DEC 


6 


154 














155 














156 


00327 




otooo 


9|NT 


1 1 1 




157 


00330 


32 


333 




ENL 


NINE 


160 


00331 


36 


200 




RJP 


SAVE 


161 


00332 


24 


1 327 




RTN 




162 


00333 




06011 


NINE 


DEC 


9 


163 














164 














165 


00334 




06000 


10INT 


• • * 




166 


00335 


32 


340 




ENL 


TEN 


167 


00336 


36 


200 




RJP 


SAVE 


170 


00337 


24 


1 334 




RTN 




171 


00340 




06012 


TEN 


DEC 


10 


172 














173 














174 


00341 




06600 


HINT 


* • t 




175 


00342 


32 


345 




ENL 


ELEVEN 


176 


00343 


36 


200 




RJP 


SAVE 


177 


00344 


24 


1 341 




RTN 




200 


00345 




0601J 


ELEVEN 


DEC 


11 


201 














'02 














203 


00346 




06000 


12INT 


• • • 





INTERRUPT NUHBER 

SEVENTH INTERRUPT SUBROUTINE 



INTERRUPT NUMBER 

EIGHTH INTERRUPT SUBROUTINE 



INTERRUPT NUMBER 

NINTH INTERRUPT SUBROUTINE 

INTERRUPT NUMBER 

TENTH INTERRUPT SUBROUTINE 

INTERRUPT NUMBER 

ELEVENTH INTERRUPT SUBROUTINE 

INTERRUPT NUMBER 

TWELFTH INTERRUPT SUBROUTINE 
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204 


00347 


32 


352 




ENL 


TWELVE 




205 


00350 


36 


200 




RJP 


SAVE 




206 


00351 


24 


1 346 




RTN 






207 


00352 




00014 


TWELVE 


DEC 


12 




210 
















211 
















212 


00353 




00000 


13INT 


• • • 






213 


00354 


32 


357 




ENL 


THRTEN 




*14 


00355 


36 


200 




RJP 


SAVE 




215 


00356 


24 


1 353 




RTN 






216 


00357 




00015 


THRTEN 


DEC 


13 




217 
















220 
















221 


00360 




00000 


14JNT 


i • i 






222 


00361 


32 


364 




ENL 


FORTEN 




223 


00362 


36 


200 




RJP 


SAVE 


H-" 


224 


00363 


24 


1 360 




RTN 




I 


225 


00364 




00016 


FORTEN 


DEC 


14 


-3 


226 
227 
















230 


00365 




00000 


15INT 


• • • 






231 


00366 


32 


371 




ENL 


FJFTEN 




232 


00367 


36 


200 




RJP 


SAVE 




233 


00370 


24 


1 365 




RTN 






234 


00371 




00017 


FJFTEN 


DEC 


15 




235 
















236 
















237 


00372 




00000 


16INT 


• • i 






240 


00373 


32 


376 




ENL 


SIXTEN 




241 


00374 


36 


200 




KJP 


SAVE 




242 


00375 


24 


1 372 




RTN 






243 


00376 




00020 


SIXTEN 


DEC 


16 




244 






ooooo 




END 





INTERRUPT NUMBER 

THIRTEENTH INTERRUPT SUBROUTINE 

INTERRUPT NUMBER 

FOURTEENTH INTERRUPT SUBROUTINE 

INTERRUPT NUMBER 

FIFTEENTH INTERRUPT SUBROUTINE 

INTERRUPT NUMBER 

SIXTEENTH INTERRUPT SUBROUTINE 

INTERRUPT NUMBER 



P-50 CC0 TEST WITHOUT CABLES D39A 

I. Purpose of Test 

To perform a simple "go-no go" test on one to sixty-three CC0 registers. 

II. Description of Test 

All contacts are set to one; then, the program delays one second, and all contacts 
are set to zero. After another delay of one second the cycle is repeated. 

Contacts are set to one by an output of 37777s on each multiplexer address with 
set channel. Contacts are set to zero by an output of 37777s on each multiplexer 
address with reset channel. Time delays are program loops. 

III. Description of Operation 

A. Read in the binary tape of the test using the bootstrapped binary loader. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the 
binary loader (7602s, 17602s, 27602s, or 37602 8 ); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Place the binary tape under the tape reader. 

5. Turn the reader on. 

6. Depress the Start button. 

B. Enter the test parameters 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the S-Register with the parameter location. 

3. Using the probe, load the X-Register with the parameter constant; depress 
the Start button. 

4. Repeat steps 2 and 3 until all parameters needed have been entered. 



Location 

of CC0 completion interrupt 

200 8 



077^ 
*" '0 



Parameter 
243118 

N 



Multiplexer 
Addresses 



277-N+l 



Description 

Transfer for CC0 interrupt 

Number of CC0 registers is N (l-77g) 

The multiplexer addresses for the 
CC0 registers to be tested start in 
location 277s and are stored sequen- 
tially in descending locations. The 
lowest location is 2Cls. A multi- 
plexer address contains the set chan- 
nel in bits 0-5 and the word in bits 
6-11. The reset channel is assumed 
to be one less than the set channel. 
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C. Start the Test 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register witii the starting location of the test 
(2778); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Depress the Start button. 

D. The test runs continuously. 
IV. Storage 

Number of locations used: 161g (200g-360s) 
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i 

05 



1 




2 


00200 


3 00200 

4 


00000 


5 

6 00201 


00000 


U0202 


00000 


00203 


ooooo 


U0204 


00000 


00205 


ooooo 


U0206 


ooooo 


U0207 


ooooo 


00210 


ooooo 


U0211 


ooc:o 


00212 


ooooo 


00213 


ooooo 


U0214 


ooooo 


00215 


ooooo 


00216 


ooooo 


00217 


ooooo 


00220 


ooooo 


U0221 


ooooo 


00222 


ooooo 


00223 


ooooo 


U0224 


ooooo 


00225 


ooooo 


00226 


ooooo 


00227 


ooooo 


C0230 


ooooc 


00231 


ooooo 


00232 


ooooo 


00233 


ouooo 


00*34 


ooooo 


00235 


ooooo 


00236 


ooooo 


00237 


ooooo 


00240 


ooooo 


00241 


ooooo 


00242 


ooooo 


U0£43 


ooooo 



P-50 CCO TEST WITHOUT CABLES p-50 D39A 

BONG 200 
NUMREG OEC THE NUHBER OF CCO REGISTERS TO BE TESTED IS 

STORED IN THIS LOCATION 
KHT 63 
OCT 
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i 





00244 


00000 




00245 


00000 




00246 


00000 




00247 


00000 




00250 


00000 




00251 


00000 




00252 


00000 




00253 


00000 




00254 


00000 




00255 


00000 




00256 


00000 




00257 


00000 




00260 


ooooo 




00261 


00000 




00262 


ooooo 




00263 


ooooo 




U0264 


ooooo 




00265 


ooooo 




00266 


ooooo 




00267 


ooooo 




00270 


ooooo 




00271 


ooooo 




00272 


ooooo 




00273 


ooooo 




00274 


ooooo 




U0275 


ooooo 




00276 


ooooo 




00277 


ooooo 


7 




00277 


10 






11 






12 






13 






14 






15 






16 






17 






20 






21 







ADDR 



SVN L-l 



THIS IS THE BEGINNING LOCATION FOR THE 

CCO REGISTER ADDRESSES. 

THE ADDKESS FOR THE FlKST REGISTER IS STORED 

IN LOCATION ADDR, SUCCfcEDING ADDRESSES ARE 

STORED SEQUENTIALLY IN DECREASING LOCATIONS, 

BITS 0-5 OF AN ADDRESS CONTAIN THE SET CHANNEL 

BITS 6-11 OF AN ADDRESS CONTAIN THE WORD. 

UP TO 63 ADDRESSES MAY BE ENTERED, 

PARTS OF THE ADDRESS TABLE NOT BEING USED DO 

NOT HAVE TO BE CLEARED. 
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i 
01 



22 










23 










24 










25 










26 










27 










30 










31 










32 


00300 


32 





351 


33 


00301 


37 





357 


34 


U0302 


32 





353 


35 


00303 


37 





307 


36 


00304 


32 





200 


37 


00305 


37 





356 


40 


00306 


32 





350 


41 


00307 


44 


1 


277 


42 


00310 


23 





310 


43 


00311 


01 





000 


44 


U0312 


01 





307 


45 


00313 


01 





356 


46 


00314 


27 





306 


47 


00315 


32 





352 


50 


00316 


01 





101 


51 


00317 


24 





317 


52 


00320 


24 





320 


53 


00321 


24 





321 


54 


00322 


24 





322 


55 


00323 


24 





323 


56 


00324 


24 





324 


57 


00325 


27 





315 


60 


U0326 


32 





200 


61 


00327 


37 





356 


62 


00330 


32 





355 


63 


U0331 


37 





360 


64 


U0332 


01 





357 


65 


U0333 


27 





342 


66 


00434 


32 


1 


360 


67 


00335 


10 





354 


70 


00336 


37 


1 


360 


71 


00037 


01 





360 



EJE 



FIELD CCO TEST 

THIS TEST SETS ALL CONTACT OUTPUTS IN SYSTEM TO 1, 

WAITS ONE SECOND. 

THEN SETS ALL CONTACT OUTPUTS TO *EKU AND RESTARTS 



START fcNL TWO 

STL RESET 

1L0P ENL OUT IT 
STl OTCOM 
ENL NJMRfcG 
STL H6GCNT 
ENL MINUS 

OTCOM OUT ADDR»I 
CLJ L*l 
DCR PC 

INTRPT OCR OTCOM 
DCR REGCNT 
PJP OTCOM 
cNl TIMCNT 

OCR DCR ACC 
JMP L*l 
JMP L*l 
JMP Ln 
JMP L*l 
JMP L*l 
JMP L*l 
?Jf> DCR 
ENL NJMRkG 
STL REGCNT 
ENL tiEGAUH 
STL F1XAUR 
DCR RtfSEl 
PJP CLEAR 

L0P2 fcNL FIXAUH. I 
ADD O.^E 
STL FUADR.l 
OCR FlXAUrt 



INTERRUPT RETURN 

NEG AFTER LAST REGISTER IS OUTPUT 



ONE SECOND TIME DELAY 
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72 


00340 


01 


356 




OCR 


REGCNT 


73 


00341 


27 


333 




HJP 


L0P2 


74 


00342 


24 


277 




JHP 


START 


75 


U0343 


01 


1 360 


CLEAR 


DCR 


FIXAOR.I 


76 


00344 


01 


360 




OCR 


FIXAOR 


77 


00345 


01 


356 




OCR 


REGCNT 


100 


00346 


27 


342 




PJP 


L-3 


101 


00347 


24 


301 




JMP 


1LOP 


102 


00350 




37777 


MINUS 


OCT 


37777 


103 


00351 




00002 


TMO 


OCT 


2 


104 


00352 




17777 


TIMCNT 


OCT 


17777 


10$ 


00353 


34 


1 277 


OUTIT 


OUT 


AODR.I 


106 


00354 




00001 


ONE 


OCT 


1 


107 


00355 




00277 


BEGADR 


OCT 


AOOR 


HO 














111 














112 














113 






00356 


REGCNT 


SYN 


8EGA0R*1 


114 






00357 


RESET 


SYN 


REGCNT*1 


115 






00360 


FIXADR 


SYN 


RESET*! 


116 






ooooo 




END 
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I, Introduction 

The programmer's console programs facilitate communication with the. P-!?0 
computer « The package provides a means of loading programs, executing 
programs, loading constants or instructions, and dumping areas of main 
and, extended core memory. Core locations may be dumped in binary on 
tape or in octal on the keyboard. 

The programmer 's console opera too within the priority structure of 
the X50F executive system for all of its functions, and its calling 
priority is established for a particular system when the executive 
system is initialized, Note that this programmer's console is included 
with standard executive system X50F only,. 

Before initiating a programmer's console function, the ASR punch and 
render should bo turned off, Then, to gain the computer's attention, the 
Attention Interrupt Button is depressed, The attention interrupt will 
have any one of two or four effects depending upon the initialisation 
of MPOOP'l 1 -- the message writer option for the programmer's console, 

a) 1'f neither the programmer's console nor the device program 

is currently running, the programmer's console programs 
will bo put into the bidding state » 

b) If the programmer's console is not currently running but the 
device program is running, the flag PCFLG will be set and 
the programmer's console programs will be suspended, 

c) If the programmmer 's console, is currently running and the' 
device program is not running; the programmer's console 
programs will exit to TOPLOP and the ASR set will be turned 
off, 

d) If the programmer's console is suspended and the device 
program is running, the flag PCFLG will be cleared and the 
programmer's console programs will be turned off. 

When the progrf mmer's console programs are permitted to run by the : 
executive system, the ASR set will be turned on and input from the 
ASR set will be requested. Input consists of a two-letter mnemonic 
followed either by a space and up to four constants or by a return. If 
more than two letters precede the space (or the return), only the last 
two will be considered. The resulting two-letter mnemonic is then 
compared to the defined mnemonics. If it is not found equal to any, 
"ERR 1" will be printed and the programmer's console will exit to TOPLOP 
and the ASR set will be turned off. 

If the two-letter mnomoic is found equal to a defined mnemonic, a transfer 
to the proper program will be set up, and if a space followed the mnemonic 
code, any constants preceding the return will be input. The number 
of constants will depend on the function being initiated. Constants 
must be entered in octal or decimal; a plus or minus sign at the begin- 
ning of a constant specifies it to be a decimal number; unsigned integers are 
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considered to be in octal. Constants are terminated by a slash (/) o:- 
by a letunu Deciivtl and octal constant!;: may both appear on the same 
line-; of input. If u character is input other than an octal or deim.VL 
constant 'E^Ku" «'ill be printed and the prograuiraer's console will exit 
to TOFLOP .aid the ASK set will be turned off. 

If the correction character left parenthesis "(" is encountered,, a 1.1 
dibits following the lact slash or the space are ignored. 

If more them four constants are entered before a return,, "ERP. ?" will 
be printed and the programmer's console programs- will exit to T0P.L0P 
and the ASK set will be turned off. If more or less constants are 
specified than are required by the function being- initiated, "ERR 2" 
will also be printed and the programmer 'h console will be turned off. 

When a return has been input to the programmer's console, the transfer 
to the requested, programmer's console program is put into effect with 
the number of constants in the accumulator (2e.r0 when a return followed 
the mnemonic code) and with the constants stored in the order that they 
were input in cf)lU., *,., Cj^NU . A lino feed may precede the return; this 
character is always ignored on input. When the programmer's console 
program completes the activity requrested, further constants may bo 
required. These are entered in the same manner no the initial constant!,-" 
that is, in decimal or octal, separated by slashes, and terminated with 
a return, 

!•'-' • Pr ogr amm e r ' s Con j\olc_, JV paramo 

This programmer's console package contains eleven defined functions: 
Binary Load, Binary Punch from Main Memory, Binary Punch from Extendi-d 
Memory, Check Tape, Set Limits for Main Memory, Set Limits for Extended 
Metrory, Numeric Load. into Main Memory, Numeric Load into Extended Memory, 
Octal Dump from Main Memory, Octal Dump from Extended Memory, Bun on 
Machine, Provision for more programs to fit specific installations has 
been made in that there is room for ten more mnemonics to be defined end 
ten more transfer locations to be Inserted, 

The defined programmer's console functions are described below. In input 
examples, ^represents space and ^ represents return. 



A. Biliary Lord. 



Mnemonic code: BL 

Number on constants : zero 



When this function is initiated, a binary tape in the standard P-50 
binary format vill be loaded through the programmer's console tape reader 
into -main or extended core. The binary load function is controlled 
by control v/ords on the binary tape? so that no constants are input, 'See 
section on Binary Tape- Format). 
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If any constants arc input, the message "EBR 2" will be printed and the 
programmer ' o console will be turned off. If a character with even parity 
is detected on the binary tape, "ERE k" will be printed; if the check- 
sum on the tape- does not compare to the sum of the words on the taps, 
"ERR 5" will bo printed. If either of these errors occurs, the ASH set 
will be turned off following the printing of the appropriate message . 



B. Binary Punch 

1. Binary Punch from Main Memory 



Mnemonic code: BP 
Number on constants: 0, 1, 2 

2. Einary Punch from Extended Memory 

Mnemonic code: XP 

Number of constants: 0, 1, 2 

The mnemonic code determines whether main memory (BP) or extended memory 
(XP) will be referenced. Each is a separate function. 

Depending upon the number of constants vhich are input, a core area or 
core location, a transfer code, or a stop code will be punched in binary 
by the programmer's console punch. Two constants designate' a core area 
or location; one constant specifies a transfer code and the main memory 
transfer location, no constant results in a stop code. 

If two constants are input and the first is not less than or equal to the 
second, "ERR 3" will be printed and the programmer's console will be 
turned off. 

When using this function with a high speed punch, the turning on and off 
of the punch 1 will be done via programming. 

When the punch on the ASR set is used, it muBt be turned on and off manually. 
Since input from the keyboard will be punched on tape if the punch is turned 
on, in addition to the binary output requested, the following procedure 

is recommended: 

1. Turn punch off, 

2. Depress Attention Interrupt Button. 

3. Type on keyboard: BPwXX/XXi oi XP M XX/XX^ 

k. Turn punch on—leader will be punched followed by requested area 
in binary. 

5. Turn punch off. 

6. Type on keyboard: (XX/xXrf (another area), or (XXd (transfer code) or 
(»i (stop code). Always begin with the correction character "(". 

7. Turn punch on—leader will be punched followed by an area in binary, 
or a transfer code or stop code. 

8. Turn punch off and continue. 
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Examples: To obtain a binary tape of a program currently located in 
main memory locations 600a - 7233 and of another program in location 
1012, - iaJUi-j and to put a transfer to location blOg at the end of 
the tape:, the following should be executed: 

BPw600/?'23ii 

(+1012/+12MA 

(6.10.5 

To obtain a binary tape containg the contents of extended core locations 
600g - 72 3g and 1012 Q - 12Ml q , and terminated with a stop code, the 
1° owing should be executed: 



following 



C. Check Th-|V-» 



XR.600/7231 
(+10.12/+l2Wu\ 



Mnemonic code: CT 

Number of constants : zero 



A binary tape-: in the standard P-50 binary format wilJ be compared, word 
by word, to the contents of the proper area of either main or extended 
core. If any discrepancies occur, the core location, the contents of the 
tape and the contents of core will be printed in the octal dump format. 
An "A" will precede an extended core address. The process will continue 
until the end of the tape. The tape will be parity checked and check- 
sum checked at the same time. 

If any constants are input following the function code, "ERR 2" will be 
printed and the programmer 's console will be turned off. If a parity 
error is detected, "ERR 5" will be printed, These errors both turn off 
the programmer ' t console programs and the ASR set. 

Example : 

CTiL 

762 23200 32301 

1102 1 37777 

A 1j66 37777 37775 

A20215 20001 20133 

The first word following the location is the contents of the tape; the 
second is the contents of core. 

When the programmer's console reader is used for this function rather 
than a high speed reader, the printing of one discrepancy will alter the 
I/O sequence and further input will be incorrect. Thus, this function 
should be used with the ASR reader only to verify that a tape has been 
punched correctly. 
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D. Set Limits 

1. Set Limits for Main Memory 



Mnemonic code: LM 
Number 'of constants: 2 

2. Set Limits for Extended Memory- 
Mnemonic code: XM 
Number of constants: 2 

When either of the set limit functions is called for, two constants should 
be entered prior to the first return. These constants define the core 
area or location usable by the numeric load functions. 

If the first or both constants are zero (0) the limits are set to zero 
and the r entire core is protected. (The linrjts are initially set to 
zero). If the first constant is not less than or equal to the second 
constant, "EBR 3" will be printed and the programmer's console will be 
turned off. 

Examples ; 

To set limits in Main Memory to the core area IOOOOq through IOIOOq, the 
following should be executed: 

LMJ.0000/l010pa 

To set limits in extended memory to one location fOOOr,, the following 
should be executed: 

XMJT000/7000J 

E. Numeric Load 

1. Numeric Load into Main Memory 

Mnemonic code: NL 
Number of constants: zero 

2. Numeric Load into Extended Memory 

Mnemonic code: XL 
Number of constants: zero 
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When either of the numeric, load functions. is called for, no constants 
should he entered prior to the first return. Successive constants separated 
by returns designated the locations to be modified and octal or decimal 
data. Both functions are terminated by the right parenthesis ")". 

If an attempt is made to enter data without first specifying the beginning 
location, "ERR 3". will be printed and the programmer's console and ASR 
set will be turned off. 

If an attempt is made to enter data into a location outside the core 
limits, "ERR 7" will be printed and the programmer ',s console and ASR 
set will be turned off. 



Input: 


Location: 


Contents : 


NL^ or XL tL 




Ca 


« 1022>. 






21+026 j3 


1022 


2k 026 


+111 


1023 


00021 


+21,1 


1021+ 


00033 


21,1 


1025 


00021 


33^ 


1026 


00033 


=+6oo,l 






10073a 


1130 


10073 


i 


1131 




379(37073* 


1132 


37073 



Comment : 



Calling Sequence for Main or Extended Memory Loading 
Origin in octal 

<MP instruction entered in octal 
Decimal Data 
Decimal Data 
Octal Data 
Octal Data 

New Origin in decimal 
ADD instruction entered in octal 
Do not change this location 
STL instruction entered in octal, 
correction character used 
Terminal character 



The correction character "(" may be used with this function. However, 
if an error occurs when typing the origin, note that the equals character 
which was input is not ignored. 



Error : 

Correct: 
Incorrect: 



=10782 

=10782(10772 
=10782 (=10772 



F. Octal Pimp 

1. Octal Dump from Main Memory 



Mnemonic code : $D 

Number of constants: 1, 2 



2. Octal Dump from Extended Memory 



Mnemonic code : XD 
Number of constants: 1, 2 
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Depending upon the number of constants which are specified, these programs 
will print the contents of a core area or a location in octal. If two 
constants are given, the contents of the cere area so defined will he 
output 8 words per line with the address of the first word at the beginning 
of each line. An "A" precedes the address of the first word for extended 
core dumps. If one constant is specified, the address which was input 
and the contents of the location will be printed. A return alone (no 
constants) signifies the end of request. 

If two constants are specified and the first is not less than or equal 
to the second, "ERR 3" will be printed and the programmer's console end 
ASR set will be turned off. 

Examples : 



0n^-210/+220il 

322 32015 1! Oil* 27216 20371 32015 

332 27216 20216 3 

I465 1012 1053 106*1* 33 ik 

* , y 

XD +503/-i-5ll.'/i 

A 767 20777 21031 

A .777 1777 3722J+ 

10147 4 

A 101+7 32602 

A 

G, Run on Machine 



1072 10100 
2030 16553 



27212 3201"+ 
62 
10267 10777 



16000 30010 



Mnemonic code: RN 
Number of constants: 1 



lMs function transfers control to the location specified. If exactly 
one constant is not input, "ERR 2" will be printed and the programmer's 
console and ASR set will be turned off, 

!The program thus initiated can be terminated manually depressing the attention 
interrupt button or turned off by having it exit to EXIT in the attention 
interrupt routine . Note that all references to the running sublevel In this 
program must be for the programmer's console sublevel, 

III, Key to Error Printouts 



ERR 1 


Mnemonic error 


ERR 2 


Constant error 


ERR. 3 


Format error 


ERR J+- 


Rarity error 


ERR 5 


Checksum error 


ERR 6 


Illegal character 


ERR 7 


Out of limits 



18-15 



8 



IV. WCTj 


•BCD Code Toble 










BCD 


Che racier 


ASCII 

556 


BCL 


Character 


ASCII 




00 





- ho ' 


•• 


055 




01 


1 


261 


kl 


J 


312 




02 


2 


262 


k2 


K 


113 




03 


3 


063 


h3 


L 


33.4 




Ok 


1* 


26U 


kk 


M 


115 




05 


5 


065 


k$ 


N 


ll6 




06 


6 


066 


k6 


fi 


317 




P7_ 


j 


267 


- tL— 


P 


_J20 




10 


8 ""'* 


270 


50 


Q 


321 




li 


9 


071 


51 


R 


322 




12 


t 


336 


52 


<— 


137 




13 


ri 


275 


53 


* 


Ollll 




l't 


Return 


^15 


5>< 


# 


252 




15 


• 


072 


55 


3 


335 




16 


> 


276 


56 


J 


273 




IT 


1 

• 


0)41 


57 


._ <5L 


300 




20 


H- 


053 


60 


Space 


2*10 




21 


A 


101 


61 


/ 


257 




22 


B 


102 


62 


S 


123 




23 


C 


303 


63 


T 


32U 




2k 


D 


1<& 


6k 


U 


125 




25 


E 


305 


65 


V 


126 




26 


F 


306 


66 


W 


327 




2'f 


G 


107 


61 


X 


330 




30 


H 


110 


70 


Y 


131 




31 


I 


311 


71 


Z 


132 




32 


? 


077 


72 


* 


2k 5 




33 


• 


O56 


73 


> 


25k 




3k 


) 


251 


Ik 


( 


050 




35 


c 


333 


75 


& 


2k6 




36 


< 


07k 


76 


\ 


13k 




37 


# 


2U3 


71 _ 


Line Feed 


012 



V • 2ii '*■ '* r y l a po Format 

On a binary tape, one word consists of three characters. Each character 
contains eight levels; levels one through six contain data unless the 
word is a control word. Each character is punched in odd parity and the 
parity bit when preset appears in the eight level. 

A Prodac 50 word in core con tains ik bits; the correspondence between a 
core word and a word on the binary tape is as follows: 



Bits 


12-13 


Bits 


6-11 


Bits 


0-5 



Character 1, levels 1-2 
Character 2, levels 1-6 
Character 3; levels 1-6 



18-17 



- 9 - 

A punch in the seventh level of the first character of a vord indicates 
that the word is checksum. 

Levels 3-4 of the f ii fit character of a word arc always zero; they are 
ignored. Levels 5-6 define a control word— the first word on a binary 
tape and the first vord following a checksum are control words. 

The following describes the differences among the control words and 
their effect!.! when loaded through the 'binary loader: 

A. Load Main Memory Word. Zeros in the fifth and sixth levels of the 
first character of a control word define a load main memory word. 
Subsequent data will he stored directly into successive locations 
in main memory starting at the location specified by the data in 
character 1, levels 1-2, and characters 2 and 3> levels 1-6. 

B. Load Extended Memory Word. A 2oro in level six and a one in level 
five of the first character define 1 a load extended memory word. Sub- 
sequent data will be stored directly into successive locations in 
extended core starting at the location specified by the data in 
character 1, levels 1-2, and characters 2 and 3, levels 1-6, 

C. Transfer Control Vord. A one punched in level six and a zero in level 
five of the first character of a control vord define a transfer control 
word. Machine control will he transferred to the location specified 

in the remaining data levels (not all ones). 

D. Load Stop Word. This control word consists of a punch in level six 
of the first character, zero in level 5, and all ones punched in the 
remaining data levels. Machine control is transferred to the priority 
executive, thus terminating the loading process. 
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AUTOMATIC RESET 1AR3 

A. GENERAL DESCRIPTION 

The Automatic Restart Card contains circuits to provide the following functions: 

1. Detect whether the central processor was running or stopped when the low voltage 
sensor applied a clamp to the memory subsystem. 

2. Automatically restart the central processor upon resumption of power if the machine 
had stopped prior to the clamping of the memory. 

B. CIRCUIT OPERATION 

Drawing 743A346 shows the run detection circuit. Pin L3 goes to the final tap of the delay 
line timing chain. With the central processor running, pulses periodically appear at this point 
and are filtered to provide base drive for transistor T5-1. T5-1 conducts turning on the lamp 
in tiie "start" pushbutton and rlso removing the base drive from transistor T5-2. With T5-2 
cutoff, gate drive is provided to the SCR, Sl-1, which serves as the run detector. 

If the power supply fault contacts close providing +26 to pin L14, while Sl-1 has gate drive, a 
current is circulated in the set coil of the bistable relay M3-1. The setting of M3-1 signifies 
that the central processor was not stopped when the fault occurred. Upon power resumption 
auto restart is inhibited by the N0 contacts of relay M3-1 and the auto restart fault lamp 
M21-1 will be on. M3-1 is reset by manual starting. 

If, however, in response to the power supply failure interrupt, the central processor com- 
pleted its tasks and stopped prior to the closing of the power supply fault contacts, base drive 
would be removed from T5-1 which in turn would cause T5-2 to conduct, turning on the stop 

lamp. 

This removes the gate drive from Sl-1. Now when +26 is applied to pin L14 by the power 
supply fault contact, Sl-1 does not conduct and relay M3-1 is not set. The Master Clear relay 
is picked, keeping the processor in a cleared state as power is removed. 

The auto restarting circuit is also located on the automatic reset card. As power is resumed 
after an outage, the low voltage contacts are still in the power supply fault position and the 
positive supply is connected to pin L14. This in turn holds the central processor in the 
master cleared state until a voltage sufficient for running is obtained. Then the low voltage 
contacts transfer to the PS$K state - applying the positive supply to pin H10. This energizes 
relay M7-1 which provides a short time delay. When the contacts of relay M7-1 close, a pos- 
itive step is applied to the capacitor C2-1, provided that the auto restart fault relay M3-1 had 
not been set. This step is differentiated to provide base drive for transistor T5-3. T5-3 
conducts for a short period of time starting the central processor by grounding pin H16. 



1-1 



E3- 



i 

to 



-€B> 



PS'»L 



I > K «1 



L- -« ■■, 



Eh 



ED- 



E3- 



<!> 



MJ-I 
15 



T^Tir^ 



PS«K 

---{moI VW» 



STA«T i»V 

E3 



(^>i 



Ttt w ^ 



H(- 




•JIT t»«» ST»«7 

—ED 



*52T t»r-P STO 



— £H3 



T* -J 



<!> 



-11 — -,^- 



v.M *»S-I 



r 



C*-l Ofc-J 

-le-" * * — ♦ 



*T ? 



vw . " c | f — V 



* — 



iTABT 1.V 

E3 



ttSctttcEt 



P»O0»C 5D St* Hi 



0*»3» 



AUTOMATIC RtJII KOAKD SC«tt»A»TIC 



j — I '•ill/ 



±6- 



«■=" 



•»"*ur*7 



cammm* ■!■!■— t 






3 I 



IARI 



MS- 1 



Si- 1 



co 



Ww-i 






i 



ojmTJt 







m-i 



TS-3 



^ rse 






V) 



^ 5 






Sit HOTL 9 on sheet 7 



ri 6 



DO NOT KALE DW 

■MM AU. SHARP CDC£S 00B. 

MOULMI OWCNSIONS ± Vi" 



UUPjUB^ 



WES11NGHOUSE EUCTUC CORPORATION 

Trr u OeODAC 'SO-SCieiES C'A * 3 ) 

AUTOMATIC *"£S£T 0O*eO ASSEMBLY 



Sua 



**» ?W*7 



lJ4^3Vk~_l 



SH Z or 7 



DIVISION 

— r 



"This Page Intentionally Blank" 



1-4 



BIT CARD 2BC1 3BC1 
2BC2 4BC1 



A. GENERAL DESCRIPTION 



The hit card contains the Z, X, and S registers, and adder circuitry for one of 14 bits. In ad- 
dition the bit card provides: 

1. Core sense amplifying gate 

2. Peripheral input gate 

3. S — »Z gate 

4. X-* Z gate 

5. ^Z — X gate 

6. Z-*X gate 

7. "Z-*X gate 

8. Adder to S gate 

9. Adder to inhibit timing 
10. Output buffer 

Figure 3-8 is a block diagram of the card as used. 

R. CIRCUIT OPERATION 

Dual NAND A is connected as a flip-flop and is used as the S register; in like manner Dual 
N AN n C is used in the Z register, and Dual NAND D is used in the X register. 

The adder circuitry is composed of Dual'NAND's E, F, H, and K. 

Hll and Kll form the carry chain (C-OUT). 



N'ANIVs H5 and K5 form the Sum of Z and X when EOR and AND inputs are logical "one's". 



NAMVs H5 and K5 form the AND of Z and X when AND is a "zero" and EOR is a "one". 



H5 and K5 form the Exclusive OR of Z and X when AND is a "one". 
Diodes Dl-2 and Dl-3 form decode for Sum equal to a Positive Zero. 
S to Z Gate consists of modified NAND Bll which is used as an inverter. 
X to Z Gate consists of modified NAND B12 which is used as an inverter. 
Z to X Gate consists of modified NAND J12 and an input from Z register. 
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Z to X Gate consists of modified NAND 012 and an Input from the Z register. 

Z to X Gate consists of modified NAND G5 and a complemented Input from the Z register. 

Adder to 3 Gate consists of NAND F5; this allows the sum of X and Z to be gated to the S 

register. 

Adder to Inhibit Timing consists of NAND Fll. Diode Dl-6 forms a decode for SUM equal to 
Negative Zero. 

Output Buffer consists of modified NAND Jll; this is used to buffer X register output data to 
peripheral driver cards. 

Refer to the circuit in the upper left hand corner of schematic 743A300. 

This circuit accommodates inputs from core memory (pins L18 and L17) and from other in- 
puts on pin L15. 

Transistor T8-1 is usually biased off. When the sense preamp output voltage exceeds 0.5 
volt, T8-1 conducts. This provides base drive for Tl-1 to set the Z register flip-flop if 
strobe is a "one". 

This circuit is also used to accommodate input data (pin L15). 

An Input voltage of 4.5 volts minimum from any one of the digital buffer cards causes the Z 
register flip-flop to be set by turning on transistor Tl-1 If input strobe is a "one". 

Lamp Driver : The 3 volts, 15 ma indicators are driven from a saturating transistor which 
drives the lamp through a high impedance to limit Inrush current and Improve bulb life. 
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CORE PULSER CARD 2CP1 - 3CP1 



A. GENERAL DESCRIPTION 

This card is used to provide pulse amplifiers driving the X and Y half-select lines or to drive 
the inhibit linos of the core stack. (See Figure 3-9). 



Adder 



2CP1 
3CP1 




Inhibit 
Paddle 



Stack 



Select 



Figure 3-9. 



n. CIRCUIT OPERATION 



1. The card contains six pulsers and one stack select amplifier. Four of the six pulsers 
are inhibit pulsers, one is a Read (or Inhibit) pulser, the other a Write (or Inhibit) pulser. 

2. The circuit diagram of the core pulser card is shown on schematic 743A315. The card 
receives inputs from the adder and timer cards. Its outputs are used to provide pulse am- 
plification to inhibit lines on to the half-select lines. 

Since this board has six identical pulser circuits, the circuit in the upper left of schematic 
743A315, will be discussed here. 

Signals will be defined as a "1" (positive voltage) or a "0" (zero voltage). 

If both the stack select (SEL) and input pulse (pin L3) are at a "1" level, transistor Tl-1 will 
conduct and this will block transistors T6-1 and T2-1. 

If now the input goes to ground ("0" level), and the output transistor (Tl-8) of the stack select 
amplifier is conducting, transistor Tl-1 will be blocked for a maximum duration determined 
by capacitor C4-1 and resistors R26-1, R34-1, and R26-2. Under normal operating condi- 
tions, the actual duration is determined by the length of the Input or Stack Select pulse. 
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If a stack select pulse (SEL) is not present (logical "1") and there is an Input pulse (logical 
"0"), enough current will be supplied through resistor R52-1 to keep transistor Tl-1 con- 
ducting. 

Should a stack select pulse saturate (drive into heavy conduction) the output transistor (Tl-8 
of the stack select amplifier) sufficient base drive will be provided through resistor R34-1 to 
keep Tl-1 conducting. 

When transistor T2-1 is not blocked, it acts as a current source. The current is determined 
by zener diode Z2-1, resistor R51-1 and the setting of potentiometer Mll-1. The cathode of 
diode D4-1 is connected to a 22 volt zener (Z6-1) to limit any excessive inductive feedback. 

Capacitor C4-1 determines the maximum output pulse under fault conditions (that is with no 
Input Pulse or Stack Select Pulse). 

Capacitor C17-1 controls the rate of rise of the current in the output stage to reduce inductive 
overshoot and feedback. 

The potentiometers on the card are used to adjust currents through a 300 to 400 mllllampere 

range. 

The location of the potentiometer on the card are as shown on the module layout drawing. 
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DESIGNATOR CARD 2DC1 

A. GENERAL DESCRIPTION 

The 2DC1 card is used to provide the following functions. 

1. A five bit designator register 

2. A gating designator decode logic for setting designator 

3. A gate for designator to the Z register bits 0-4 

4. A ga(e for bits 0-4 of the Z register to the designator 

5. A decode for non-conditional jumps and designator jump 

6. A decode for return jump instructions 

Dcsi g-Lo g -»Desi g I 



Adder 
X Reg, 



Z Reg. 



Decode 
Designator 
Logic 



0-k 



Designator 
Regi ster 



Clr D 



■0-k 



Jump 
Decode 



RJP 



Figure 3-10. 



Decode 



B. CIRCUIT OPERATION 



1. Five Bit Designator Register - This consists of NAND circuits A, B, C, D, E and 
five indicator driver circuits. The register is cleared to "zeroes" (the lights off) 
before gating the designator logic. The Overflow Designator is not cleared except by 
master clear or Enter Designator instruction. The register is cleared to "ones" (all 
lights on) before gating the Z Register. 

2. Designator Decode Logic Gate - This consists of NAND circuits F, G, H, J, K, and U5. 
a) Fll (output of F NAND, pin 11) sets the Even Designator when the Adder Output 

is Positive and Even. 
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b) F5, G5, Gil set the Even Designator when the Adder Output is Negative and Even. 
(In reality Bit 13 and Bit are compared, if they are the same, the number is 
even.) 

c) H5 sets the Zero Designator (IL4) when the Adder Output is a negative zero. 

d) Hll Sets the Zero Designator when the Adder Output is Positive Zero. The 
Decode Diodes of the NAND are located on the Bit Cards. 

e) J5 Sets the Positive Designator when the Adder Output is Positive. 

f) Kll Sets the Overflow Designator when X and Z are positive and Sum is Negative. 
It is inhibited on an EOR Instruction. 

g) J 11 Sets the Overflow Designator when X and Z are negative and the Sum is Posi- 
tive. It is inhibited on an EOR Instruction. 

h) K5 Sets the End Around Carry Designator when there is a Carry-Out on Bit Thir- 
teen. 

i) U5 Sets the End Around Carry Designator when a "One" is Shifted Off on a RSH 
Instruction. 

3. Designator to Z Register Gate 

Consists of NAND Lll, Mil. Nil. Pll, Rll 

Setting of Z register is accomplished by clamping the Output of the compliment 

side of the Flip- Flops. 

4. Z Register to Designator Gate 

Consists of NAND L5. M5, N5. P5, R5 

Setting of the Designators is accomplished by clearing them to "One's" and setting 

"Zero's" from the compliment side of the Z Register. 

5. Jump permissive Decode 

Consists of NAND S, T. Ull, V, W 

a) Sll decodes EJP Instruction and Even Designator 

b) Wll decodes ZJP Instruction and Zero Designator 

c) Til decodes PJP Instruction and Positive Designator 

d) Vll decodes OJP Instruction and Overflow Designator 

e) W5 decodes CJP Instruction and End Around Carry Designator 

f) T5 decodes SLJ or CLJ Instruction 

g) S5 decodes J MP Instruction 
h) Ull decodes RJP Instruction 
i) V5 is used as a Logic Inverter 

6. Return Jump Decode 

Consists of NAND Ull. 

This also forms part of Jump Permissive Decode 
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EXTERNAL INTERRUPT 3EI2 



A. GENERAL DESCRIPTION 

The EI card is the principal module of the interrupt subsystem. This subsystem is the means 
of gaining the attention of the computer from either a contact closure or a transistor switch. 
In response to a contact closure, a temporary core buffer is set, and a "Hit" signal is sent to 
the interrupt scan card. The computer recognizes the presence of an interrupt and (if not run- 
ning under interrupt lockout) begins interrogating the interrupt cores. When a core which has 
been set previously is interrogated, a response voltage is generated, and the computer ac- 
cesses the appropriate location in core memory corresponding to that interrupt. 
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Figure 3-11. Application of EI Interrupt Card 

The EI accepts up to 16 interrupt inputs. A maximum of four EI cards can be used per system. 
Either a filtered contact closure from the process or a high-speed transistor-driven signal 
from peripheral units and/or other computers can set interrupts. An interrupt core is set 
when the input voltage exceeds the threshold level of the interrupt circuit and a synchronizing 
probe pulse is present from an external pulser card. This probe pulse is generated each in- 
struction Sequence III and is inhibited during interrupt scan to prevent simultaneous setting 
and resetting of interrupt cores. A hit pulse occurs when a core is set and indicates that an 
interrupt scan should begin if lockout is not set. During interrupt scan, eight X subrow line 
and two X subcolumn lines from the HS half-select cards route interrogate pulses sequentially 
to each interrupt core. When an interrogate pulse is passed through a core which has been 
set, a response voltage called a sense pulse occurs. The address in the S register when the 
sense pulse occurs indicates the core memory location containing the next instruction. 
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B. CIRCUIT OPERATION 

1. Circuit Specification 

Interrupts are to be set from filtered contact closures to 48 volts ±10%. The filtered interrupt 
rate is 20 per second. Interrupts can be set from a transistor-driven circuit powered from the 
unregulated (26 volt ± 4 volt) main frame power supply. 

Probe pulses occurring once per instruction are typically 4 microseconds in duration. The 
maximum rate would be 4 microseconds every 9 microseconds. Probe pulse amplitude vari- 
ation is 14.5 to 17.2 volts worse case. 

Interrogate pulses occur every 1.5 microseconds with a 0.9 microsecond duration. Peak cur- 
rent is 0.4 ampere and is supplied through the half-select matrix. 

The hit and sense pulse load on the El card is 150 ohms. Amplitude should exceed 1.5 volts for 
at least 150 nanoseconds. 

All circuits should be capable of floating with respect to central processor ground. 

2. Circuit Description 

Card Block Diagram (Figure 3-12) 

This module contains 16 interrupt input circuits. There are five commons available, making 
three groups of four circuits and two groups of two circuits. 

The basic interrupt circuit is shown in Figure 3-13. 

An input voltage charges the 0.5 microfarad capacitor. The voltage on the low side of the 0.05 
microfarad coupling capacitor follows if the input voltage rise is sufficiently fast. When a 
threshold determined by the zener breakdown voltage of the Z10 zener and the base emitter 
drop of the T16 transistor is exceeded at a level of 17.6 to 19.4 volts, the transistor turns on 
and allows the next probe pulse to be applied across the Shockley diode (S3). The sum of the 
probe voltage and the voltage on the input capacitor appears across the S3 Shockley diode and 
should be sufficient to cause the Shockley to fire. The Shockley's firing dumps charge from 
the input capacitor through the core and saturates it in one direction. This firing path for the 
Shockley, which is initially through the probe transformer, transfers to the D4 diode, which is 
a low impedance to ground. 

The response voltage when the core is set is the hit pulse. When the core is interrogated, the 
response voltage called the sense pulse is generated. 

To guarantee that the core will be set once and only once for each contact closure (or applied 
input voltage), the 0.05 microfarad capacitor is charged. It is selected to be one-tenth the 
filter capacitor so that the input will not be reset to a point where the input voltage can once 
again produce a voltage excursion sufficient to set the core. 

The method chosen for applying the probe pulse only when the input voltage exceeds a threshold 
minimizes the possibility of the Shockley's undergoing rate firing at too low an input voltage 
level. Circuit waveforms are shown in Figure 3-14. 
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Figure 3-12. EI Card Block Diagram 
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3. Interrupt Core Package (Figure 3-15) 

This cordwood package contains four buffer cores for the EI interrupt board. 
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Figure 3-15. Interrupt Core Package 

The storage elements within the package are ferrite cores each of which has four windings: A 
set winding, a hit winding, an interrogate winding, and a sense winding. Whenever an interrupt 
input signal goes positive, a probe pulse from the computer will cause the 4 layer diode in the 
interrupt circuit to discharge a capacitor to ser the core. A pulse of positive polarity is de- 
veloped across the hit winding to give an indication that a core has been set and an interrupt 
scan should be begun. The scan consists of interrogate pulses generated in series. When the 
core which was previously set is interrogated a positive pulse appears across the sense wind- 
ing. The sense pulse stops the scan and the computer goes to the core address as determined 
by the address last used in the interrupt scan. 

The interrupt input circuit provides approximately 0.6 ampere through the set winding. The 
interrogate pulse has a duration of 0.9 microsecond at 0.9 ampere. Hit and sense pulse am- 
plitudes are in the range of 2 to 6 volts. 

a) Circuit Description (Figure 3-16) 

The square loop core provides the memory and isolation required for the external interrupt 
system. The output pulse from the interrupt circuit is applied across winding 7-8 through re- 
sistor R5, and drives the core to its positive saturation state. A response voltage ("Hit") 
across winding 1-2 results from the cores being driven to a new saturation state. The "Hit" 
pulse signals the computer to start a sequential interrogation of all cores. 

When the interrogate current pulse is applied to winding 5-6 through the half-select switches, 
the core is driven back to its negative saturation state. The resulting flux change induces a 
signal across the "sense" winding 4-3. In the absence of an interrupt input the core is already 
in its negative saturation state so that very little flux change is produced by an interrogate 
pulse, and a negligible voltage is induced across the sense winding. Diodes D4-1 and D4-3 
provide isolation between the "hit" and "sense" pulses. 

b) The duration of the "set" pulse is approximately 2 microseconds. The "interrogate" pulses 
are 0.9 microsecond long. 
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EXTERNAL PULSER CARD 1EP3/2EP1 

A. GENERAL DESCRIPTION 

This card is used to perform a number of operations, namely, Channel, Word, Probe, and In- 
terrogate pulse generation. Two of these operations are performed on each card. 

See Figure 3-17 for Block Diagram. The External Pulser receives logic levels and timing pulses 
from the main-frame control circuitry cards. Pulse energy is supplied to the: 

a) External Interrupt pulse transformers, 

b) External Interrupt Interrogate matrix, 

c) Word peripheral matrix, and 

d) Channel peripheral matrix. 

B. CIRCUIT OPERATION 

1. Circuit Specifications 

Logic levels are intended to feed pins H15, H17, and H13. These signals ground to select out- 
puts and hold down 1.4 ma maximum. The "one" signal will be clamped at 2 volts maximum. 
The timing signals are brought in through capacitive coupled inputs H14 and H16 and also 
ground to select the outputs. They must hold down 7.7 ma max. and block 7.15 volts in the "one" 
state. The timing signals are" capacitive coupled to guarantee the outputs will not be full "on" 
continuously in case the inputs are held at ground. The output signal level is intended to be a 
regulated 18 volt pulse with 400 ma of current limit. 

2. Circuit Description 

The card block diagram of Figure 3-18 shows the two applications of the External Pulser card. 
There are two pulser circuits on each card and there are two external pulser cards in the sys- 
tem. The first card contains the interrogate pulser and four of its eight associated half-select 
transformers. The second card contains the remaining four half-select transformers for the 
interrogate pulser, the probe pulser, and the channel pulser with all eight of its half-select 
transformers. 

Each pulser circuitconsistsof an OR gate and an inverting stage which drives the output tran- 
sistor. 

The schematic of the external pulser is shown on Drawing 743A308. The circuit operates in 
the following way. When all input diodes have a "1" signal, transistor Tl-1 is saturated pro- 
viding base drive for transistor T14-1. Transistor T2-1 is, therefore, blocked. When all input 
diodes are grounded, transistors Tl-1 and T14-1 block and the output transistor T2-1 conducts. 
The base voltage of T2-1 is clamped, which prevents the transistor from saturating. Transistor 
T2-1 therefore acts as a current source, the current being adjustable by potentiometer Mll-1. 
The output voltage at the collector is determined by the 18 V zener diode Z13-1 and D4-3 in 
series with it. Zener diode Z12-1 serves to clamp any inductive flyback voltage. The maximum 
time duration for which the output transistor can conduct is limited by the time constant of the 
capacitive coupled input circuit. Any number of input circuits can be connected to the pulser. 
There are two input circuits for the probe and interrogate pulsers. The word and channel 
pulsers have three input circuits each. 
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3. Timing 

Waveforms in Figure 3-19 show the input to output delay for a 1 microsecond current pulse, 
typical of the interrogate pulse used in the interrogate scan. Also shown Is the delay for a 
four microsecond voltage pulse as is used in the Word, Channel and Probe pulse applications. 



Output Current Rise Time 

Input Voltage 2V/cm 
Output Current 100 mA/cm 

O'lMs/cm 




h'U-\"~ 


J ^ 1 1 T-l ' 


1 1 I 1 I 1' '! IH |- 


■ 

it! I 

: 


• - 


r 1 ; ; 

! ; ; 

J.I-H-1 -mrl'ITTT | i in inn 

1 1 ! 



Output Current Fall Time 

Input Voltage 2V/cm 
Output Current 100 mA/om 

0*1 a s/om 



Output Voltage Fall Time 

Input Voltage 2V/om 
Output Voltage (between 
collector and ground) 5V/om 

0>1 us/cm 



Output Voltage Rise Time 

Input Voltage 2V/om 
Output Voltage (between 
collector and ground) 5V/om 

0'1 jis/cm 



Figure 3-19. 



6-4 



I 

01 



(52- 






!i i 



(SSJ- 



fctJL * 

1 X — I*: — — * M ■ 



IS 



HJ- 






Mk »<-7 



ism — 



-i—th 



■ * » 






4 * I 

1 +• 4- 



[*g- 



»4tf ♦ !** «U¥ 

h-4 — I i f -,~ i * , , 



5 ' T 1 



^ 



-t- — ' 



^fe!^ 





wrr 



-EJ3 



-Eii< 



<-» 4-fg^ar^ da 






~G3 
—Eg 









H» *- 



? — X^s 



-E3 

-E3 







4 * 



■fIT — T W 






"""l Mt. I IB 



PftOOAC SO" Stl'tj 



t»TEWN*L *UL$C.«, ftCttftP schematic (t» ) 



^fc 



>~«l — x." - " 



**"***tiuifi 



"743A3HI"" 




StCTlOM A- A 




£J§ 



rrr 










if 


»l 








o- 


«>■ / 


■oA 


o- 


c*-/ < 








o 


til | < 














o- 


fSB-' 


■o 










»« 


c/o-/ 










O 


Rse-i 


■o 


o- 






mi-i 


-o 






m/Hlt-l o 












» 


*st-t [« 








• *«?/ » 





6 

46 




HALF SELECT CARD 2HS2 



GENERAL DESCRIPTION 



This circuit card is required to provide four subrow and four subcolumn half-select switches. 
The half-select switches are time-shared by the core memory subsystem. , the interrupt sub- 
system and the input-output subsystem. The subrow half-select switches and the subcolumn 
half-select switches complete the current paths for the primary and secondary- windings of the 
half-select transformers respectively. 

The relationship of the half-select switches to the system is shown in the block diagrams (Fig- 
ures 3-20, 3-21 and 3-22) that follow. 

B. CIRCUIT OPERATION 

1. Circuit Specifications 

The input to the half-select switches is obtained by decoding the S-register outputs. The de- 
coding is done by means of modified NAND modules. The output state of the subrow half-se- 
lect switch has to handle 350 mA inductive load plus the transformer losses and damping cur- 
rent across the primary winding of the half-select transformers. The subcolumn half-select 
switch has to carry a 350 mA inductive load. 

2. Circuit Description 

This card contains 4 subrow and 4 subcolumn half-select switches. One pair of half-select 
switches have OR type inputs to allow direct access to core locations assigned to the Accumu- 
lator and Program Counter. 

a) Subrow Description-Figure 3-23 

Signals will be defined as a "1" (positive voltage) and a "0" (zero voltage). 

When all four inputs to the circuit are logical "one" 's the output of the NAND gate is a logical 
"zero". Base drive is therefore provided for transistor T8-1 through resistor R24-1. Tran- 
sistor T8-1 saturates, providing base drive for transistor T2-1. Transistor T2-1 conducts 
but is prevented from saturating. 

When T2-1 is conducting, a current path is provided for the pulser circuit and therefore cur- 
rent flows through the half-select transformer. Switching delays through the subrow half-se- 
lect switches are minimized by using a nonsaturating switch as the output stage. Diode D8-1 
helps to reverse bias transistor T8-1. Diode D4-1 limits the flyback voltage across the trans- 
former thereby protecting transistor T2-1 from destruction. Diode D7-2 prevents turn-on of 
transistor T2 when the flyback pulse occurs. 

b) Subcolumn Description-Figure 3-24 

When all four inputs to the circuit are logical "one" 's the output of the NAND gate is a logical 
"zero". Transistor T6-1 is, therefore, blocked, transistors T6-2 and T12-1 are conducting. 
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Diodes D4-8, D4-9, D4-X, D4-Y, O4-10, D4-11 and transistor T12-1 form an a-C switch, so 
that when transistor T12-1 is conducting, current can flow through the half-select transformer 
in either direction. When point B is negative with respect to point A, conduction takes place 
through D4-Y, D4-10, D4-11, T12-1 and D4-9. When point A is negative with respect to B, 
conduction takes place through 04-10, T12-1, 04-8 and D4-X. 

Diode D4-7 is needed for limiting the flyback voltage. Diode D4-5 serves to facilitate fast 
turn-off of transistor T12-1. Diode D4-6 provides a path for discharging line capacitance. 
The capacitor C3-1 is needed to delay the turn-off of the subcolumn output transistor until the 
primary current through the half-select transformer decreases. This is necessary to prevent 
magnetizing current buildup. 

3. Timing 

The half-select switches are selected for a duration of 4.2 microseconds; and are unselected 
for 0.3 microseconds. 



7-2 




Figure 3-20. PRODAC Half-Select Scheme, Typical Partial View for Least -Significant 

Half-Address of One Stack 
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Figure 3-22. PRODAC Half-Select Scheme, Most Significant Half-Address, "Y-Axis" 
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INTERRUPT SCAN CONTROL 2IC1 

A. GENERAL DESCRIPTION 
The 2IC1 card is used to provide: 

1. Interrupt Control Logic 

2. Probe Pulser Timing 

3. Clear S to "Zero" Gate Drive 

4. S — *• Z Gate Drive 

5. Clear F to "One" Gate Drive 

Figure 3-25 is a block diagram of this card. 

B. CIRCUIT DESCRIPTION 

Interr upt Control Logic - consists of NANDS A, B, C, D5, Ell and F. Dual NAND B is used 
as a flip-flop to perform the "Interrupt Lockout" function. Similarly Dual NAND C is a flip- 
flop for the "Hit" function. 

NAND A5 will set "Interrupt Lockout" in Sequence VII of a SLJ (Set Lockout and Jump) instruc- 
tion. 

NAND All will clear "Interrupt Lockout" during Sequence VII of a CLJ (Clear Lockout and 

Jump) instruction. 

NAND F5 will set "Interrupt Lockout" when an interrupt core (located elsewhere) is set. The 
input to F5 must be a minimum 2 volt level from the interrupt core. This will not come in 
until the core has been interrogated. 

NAND Fll will set the "Hit" flip-flop when an interrupt core (again 2 volt minimum level) is 
set and the core has been probed. 

NAND D5 clears the "Hit" flip-flop upon completion of an Interrupt Scan. The diodes on the 
input Dl-2, Dl-3, and Dl-4 determine the number of interrupts to be scanned. 

A look at the table marked "Remove Diodes" (on the schematic) will show which diodes are to 
be removed (physically). For example, if the system has 16 interrupts, then diodes Dl-3 and 
Dl-4 are removed, for 48 interrupts, only diode Dl-4 is removed. For 64 interrupts (maxi- 
mum available) diodes Dl-2 and Dl-3 are removed. 

NAND Ell inhibits one interrupt scan when the conditions for scan (that is when all inputs are 
logical zero) are not present. 

NAND E5 is used for the Probe Pulser Timing signal. 

Clr S, - consists of NAND Hll and diode Dl -26. The S register is master cleared by clamp- 
ing Hll to ground. 
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S to Z Gate Drive - consists of NAND G and Interrupt sequence. Gil enables the date during 
Sequence VII. 

H5 Is used as the gate drive circuit. 

Clr F, 1 - consists of NAND Dll and diode Dl-6. F register will be cleared by clamping Dll 
to ground through diode Dl-6. 
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INTERRUPT FILTER MODULE 4IF1/4IF2 



A. GENERAL DESCRIPTION 

This module contains eight filters which condition interrupting plant contacts by removing high 
frequency noise spiker. The 4IF1 is designed for use with +48 volt inputs and the 4IF2 is de- 
signed for +125 volt input signals. The pin assignments on the 4IF module are the same as 
those used on the faster, isolating 5IF series and therefore, corresponding modules are elec- 
trically interchangeable. (Figure 3-26). 
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Figure 3-26. 

B. CIRCUIT SPECIFICATIONS 

1. Input Requirements 

The total resistance of the wiring to the process contact plus the contact resistance should not 
exceed an arbitrary 1000 ohms. With these filters, the filtered interrupt rate is 20 per second. 

2. Output Specifications 

The output of this card is designed for coupling directly into the 3EI external interrupt module 
using twisted pair cabling. The 3EI card is within about 25 feet of these filter cards in exist- 
ing installations. 

3. Power Requirements (with all contacts closed) 

4IF1 (48V version) 

+48 volts ± 10% 15.4 milliamperes ± 11% per card 

4IF2 (125V version) 

+125 volts ± 10% 15.1 milliamperes ± 11% per card 
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C. CIRCUIT DESCRIPTION 

Each filter consists of a voltage divider with a 0.5 mfd capacitor on the output. This capacitor 
is in parallel with another 0.5 mfd capacitor in each input to the 3EI external interrupt card. 
In both the 48 and the 125 volt case, the resistors are chosen to give approximately 28-1/2 
volts steady state across the capacitor. However, all filter outputs are clamped to a bus con- 
nected through a 6.8V and a 20V zener diode to PSC. This limits the voltage input to the 3EI 
card under worst case condition to about 28 volts and avoids double interrupts. 

The voltage divider resistors are 10K and 15K in the 48V case and 51. IK and 15K in the 125V 
case with the 15K appearing across the 0.5 mfd capacitors. Each divider takes about 2 mil- 
liamperes steady state when the contact is closed. 

The discharge time constant assuming 1 mfd capacitance total and 15K is 15 milliseconds in 
both cases. The charging time constant is 11.6 milliseconds for 125V and 6 milliseconds for 
the 48V version. This assumes negligible contact and lead resistance. 

Following the closing of the process contact, the input to the 3EI must rise to +17 volts typ- 
ically before the interrupt is recognized by the computer. With rated voltages and negligible 
lead and contact resistance, it will take about 0.92 time constant for the capacitors to charge 
to 17 volts. This gives 5.5 and 10.7 milliseconds delay for the 48 and 125 volt versions re- 
spectively. With maximum lead resistance, these values increase to about 6.1 and 10.9 milli- 
seconds respectively. About 40 milliseconds is needed to discharge the filter on opening of 
the process contact so that another closure can be recognized. This then gives a maximum 
rate of about 20 interrupts per second. 
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ISOLATED INTERRUPT FILTER MODULE 5IF1/5IF2 



A. GENERAL DESCRIPTION 

This module contains eight isolating filters which condition interrupting plant contacts by re- 
moving high frequency noise spikes. The 5IF1 is designed for use with +48 volt inputs and 
the 5IF2 is designed for +125 volt input signals. The pin assignments on the 5IF module are 
the same as those used on the 4IF series and therefore, corresponding modules are electri- 
cally interchangeable. (Figure 3-27). 
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Figure 3-27. 



B. CIRCUIT SPECIFICATIONS 

1. Input Requirements 

The total resistance of the wiring to the process contact plus the contact resistance must not 
in any case exceed 2000 ohms for a 48 volt system or 7000 ohms in a 125 volt system. When 
these large lead resistances are allowed, the speed of the system is reduced to 100 operations 
per second. If the lead resistance is less than 100 ohms then the 5IF filters will follow 200 
operations per second. It should be noted that this filter will not block extremely low fre- 
quency contact bounce noise below 200 cps. 

2. Output Specifications 

The output of this card is designed for coupling directly into the 3EI external interrupt module, 
and therefore it can supply 26 milliamperes from a +26 volt source into the input terminal of 
the 3EI card. Twisted pair cabling between the 5IF and the 3EI should be less than 25 feet long. 
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3. Power Requirements 

5IF1 (48 volt version) 

+48 volts ±10% 145 milliamps per card (worst case) 

♦26 volts ±10% 208 milliamps per card (worst case) 

(note that the above currents are exclusive and the worst cases shown will not occur 

simultaneously) 

5IF2 (125 volt version) 

+ 125 volts ±10% 185 milliamps per card (worst case) 

+26 volts ±10% 208 milliamps per card (worst case) 

(note that the above currents are exclusive and the worst cases shown will not occur 

simultaneously) 

C. CIRCUIT DESCRIPTION 

The individual filter circuits used on the 5IF card use mercury wetted relays for isolation 
and filtering. The circuits shown on sheets 8 and 9 of drawing 743A377 illustrate the tech- 
nique used. Series resistors (R63 on 5IF1 and R64 on 5IF2) limit the coil current to 105 ex- 
cess amp turns of relay drive. This provides a pickup time of 1.7 milliseconds and a drop 
time of 2.0 milliseconds. Following the opening of the relay contact, the input to the 3EI must 
rise to +17 volts typically before the interrupt is recognized by the computer. This delay is 
typically 0.6 milliseconds, but can be as long as 1.3 milliseconds or as short as 0.4 milli- 
second depending on component tolerances in the 3EI and voltage variations on the +26 volt 
power supply. The series resistors (R14) on the 5IF card limit the discharge current result- 
ing from the relay contacts closing. Extremely high pulses of current would be generated 
each time a process interrupt contact opened and de-energized a relay on the 5IF card if the 
R14 resistors were omitted. 
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INHIBIT PADDLE BOARD 3IP2 



A. GENERAL DESCRIPTION 

This circuit board is required to contain the damping resistors for the inhibit windings of the 
core stack, and the logic elements necessary for selecting core stacks. 

The relationship of the Inhibit Paddle Board to the system is shown by the block diagram of 
Figure 3-28. 
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Figure 3-28. 



B. CIRCUIT DESCRIPTION 



The card contains 14 inhibit input circuits, two logic gates and zener diode power supply. The 
inhibit input circuit (Figure 3-29) consists of a damp-resistor across the inhibit winding and a 
diode in series with the inhibit winding. The primary purpose of this diode is to offer pro- 
tection to the inhibit winding under accidental over-current conditions. Should the current 
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become excessive, the diode should fail before the winding. In addition to this safety feature 
the diodes also insure that current will not circulate through the Inhibit winding in the opposite 
direction. 



+ 26VO- 



Inhibit 

iWinding 



To Pulser 

Figure 3-29. Inhibit Input Circuit 

The logic elements on this board are two NAND gates in a dual NANO package. One NAND 
gate is used to decode the last two bits of the S-register together with the memory enable sig- 
nal. The output of this NAND gate provides the "stack select" signal for the pulser card. The 
additional NAND gate is provided to enable additional logic operations where more than one 
stack is used. 
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INSTRUCTION REGISTER CARD 2IR1 3IR1 



A. GENERAL DESCRIPTION 

The Instruction Register Card is used in the central processor to provide the following func- 
tions. 

1. A Six-Bit Function Register 

2. A Gate for Rits 8-13 of the Z Register to the Function Register 

3. AND Instruction Decode and Gate Drive 

4. EOR Instruction Decode and Gate Drive 

5. STP Instruction Decode 

6. SMB Instruction Decode 

7. CMR Instruction Decode 

8. DCR Instruction Decode 

9. Decode for Clamping XO to a "One". 

Figure 3-30 is a block diagram of the card as used in the central processor. 

R. CIRCUIT OPERATION 

The card will be described in terms of its usage, refer to the block diagram and schematic. 

Six Bit Function Register - consists of NAND's A, B, C, D, E, and F plus six indicator driver 
circuits. The RegTsterTs cleared to "One's" (all lights on). "Zero's" are gated from the Z 
register. NAND's A, B, C, D, and E have an additional base drive for high fan-out capability. 

Z Regis ter Bit 1 3-8 t o Function Register - consists of NAND's G, H, and J. The clear side of 
Z register is gated to set "Zero's" in the F register. This is done since all "Zero's" are de- 
coded as stop codes. 

AND Instruction Decode and Gate Drive - consists of transistors T3-3 and T3-4 plus their as- 
sociated diodes and resistors. This circuit provides a logical NAND. The only difference be- 
tween this circuit and a modified NAND, is the amount of current this two-stage amplifier can 

drive. 

EOR Instruction and Gate Drive - consists of transistors T3-1 and T3-2, NAND L5 and asso- 
ciated diodes and resistors, this circuit as above, provides a logical NAND. NAND L5 causes 
the EOR bus to become a "zero" when the Z register is cleared, this disrupts the Adder carry 
chain to prevent a sum of "Positive Zero" and "Negative Zero" from equaling "Positive Zero". 

STP Instruction Decode - consists of NAND Lll which decodes the STOP Instruction. 
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3MB Instruction Decode - consists of NAND K5 which clamps output of Z13 to "Zero", thus 
setting Z13 during 8MB Instruction. 

CMB Instruction Decode - consists of NAND Kll which clamps output of Z13 to "Zero", thus 
clearing Z13 during CMB Instruction. 

DCR Instruction Decode - consists of NAND Mil which clamps XO to a "Zero" when all other 
bits In X register are set to "One's" for DCR Instruction. 

Clamp XO to One Decode - consists of NAND M5 which clamps XO to a "Zero" forcing XO to 
a "One" for incrementing the program counter in Sequence III and the S register in Sequence I. 
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LOW VOLTAGE SENSOR 3LV2 

A. GENERAL DESCRIPTION 

The Low Voltage Sensor card contains three separate circuits which perform the following 
functions: 

1. The Low Voltage Detection circuit detects excursions of the +26 voltage bus below 
safe operating levels and provides a signal to the Central Processor if this happens. 

2. The Synchronizer Interrupt circuit acts as a real time clock for program timekeep- 
ing purposes. 

3. The Dead Computer Switch circuit monitors operation of certain hardware and soft- 
ware functions, and provides contacts available for alarm and control purposes in 
the event of certain classes of computer malfunction. 

B. CIRCUIT OPERATION 

1. Circuit Description - Low Voltage Circuit 

Drawing 743A340 shows the low voltage detection circuit in the upper center. Input to the 
circuit is the +26VDC to PSC (i.e., unregulated +26V bus voltage) appearing between x30 and 
xl8-x20. M12-1 is adjusted to turn T8-1 on when the bus voltage drops to 23.6V. T8-1 then 
turns on T5-2 which grounds the base of T5-3 turning T5-3 OFF. The collector of T5-3 is 
raised to bus voltage by R53-1, and an external interrupt, PFAL INT, is generated. Also, 
T5-4 is now turned ON thus grounding the base of T5-3 and holding it OFF. Approximately 6 
milliseconds later, relay M7-1 which has been held energized by capacitor C26-1 drops out, 
and the NC contacts are closed as indicated. 

M19-1 is used to precisely set time delay from start of power supply failure interrupt until 
closing of power supply fault relay contact. This time delay is set between 7.2 and 8.0 ms and 
compensates for variations in parameters such as relay M7-1 dropout time and current, ca- 
pacitor C26-1 value, and resistor R52-3 value. 

When the relay armature transfers to the NC side, base drive is removed from T5-4 and this 
transistor turns OFF. This removes the ground from the base of T5-3 and enables the circuit 
to respond to a +26 voltage bus level above +22.9 volts. R30-1 is a feedback resistor which 
provides approximately 1.2 volts of hysteresis. Thus T8-1 turns OFF when the +26 voltage 
bus reaches about 24VDC. 

2. Circuit Description - Synchronizer Interrupt 

The Synchronizer Interrupt circuit is also located on the Low Voltage Sensor card diagram 
upper left hand corner. T5-1 is turned ON and OFF 60 times each second by the 6.3VAC 
60CPS voltage applied to the transistor's base through R23-1 and D7-1. Since the collector of 
T5-1 is returned to +26V through R52-2, the collector is alternately at near PSC potential and 
then +26VDC generating an external interrupt (labeled SYNC INT) used by computer programs 
for internal timekeeping functions. 
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R23-1 limits current into the base of T5-1, and diode D7-1 prevents the base-emitter junction 
from being stressed by a high reverse voltage during negative alternations of the input voltage. 

Under certain conditions, it is desirable to have a synchronizer Interrupt rate of 120 pulses 
per second. To achieve this, the 60CPS voltage Is rectified in a bridge circuit and the pulse 
D.C. output Is applied to the base of T5-1 for a 120 PPS Interrupt rate. 

3. Circuit Description - Dead Computer Switch 

The third functional circuit located on the Low Voltage Sensor card Is the Dead Computer 
Switch. This circuit's output depends on the state of the two relays, M7-2 and M7-3. The re- 
lays are single side stable and arranged such that if either relay is In the de-energized state, 
continuity exists between the POWER connection and the ALARM connection. When both re- 
lays are energized, the POWER connection is coupled to the CONTROL output. Power input is 
furnished by an external source and ALARM and CONTROL functions are determined by the 
computer user. (Relay contact ratings are identical to CCQf ratings, namely 500 volts maxi- 
mum, 2 amperes maximum or 100VA maximum. However, large inductive loads must be 
shunted by suppression diodes.) 

+48VDC is applied to the relays alternately by a contact output. Each relay has an external 
capacitor in parallel with It. This capacitor charges up and holds the relay energized while 
the CC0 is applying power to the other relay-capacitor combination. If for some reason the 
Dead Computer Switch CC0 does not return to the other side at the end of the switching in- 
ternal, the relay will "time out" and close the ALARM circuit. 

M14-1 and M14-2 are voltage dividers used to adjust the charge-discharge cycle of the ca- 
pacitors. This determines what the period of the CC0 switching cycle must be. (Maximum 
period is 2 seconds or 1 second between contact transfers, and minimum period is 1 second 
or 0.5 second between contact transfers.) Diode D8-1 Is an isolating diode that makes it pos- 
sible to take an external Interrupt from the anode of D8-1 if desired. C7-1 and R12-1, and 
C7-2 and R12-2 are filters across the relay contacts. These are for contact protection, al- 
though as noted above these filters are not adequate protection against large inductive loads. 
Relay M7 is a single side stable relay with a coil resistance of 675 ohms. "Must operate" 
voltage is 8.6VDC. 
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DIODE BOARDS 2MA1, 2MB1 

A. GENERAL DESCRIPTION 

These two boards are required to contain the blocking diodes and the transformers for the 
half-select matrix. 

The relationship of the diode boards to the system is shown in Figure 3-31. 

B. CIRCUIT OPERATION 

1. Circuit Specifications 

The primary windings of the half-select transformers are driven by the pulsers and the sub- 
row half-select switches. The secondary windings together with the subcolumn half-select 
switches provide a current path through the core windings. A damping resistor is placed 
across the secondary of the transformer to prevent excessive inductive flyback. The sub- 
column diode matrix is connected directly to the core stack in the manner shown on the draw- 
ing. The primary consideration in the grouping of the core windings is the geometry of the 
printed circuit layout. 

2. Circuit Description 

The card block diagram is shown in Figure 3-32. Each half-select transformer drives 8 core 
half-select lines. The subcolumn diodes are connected in groups of eight on each diode board 
and then connected to the eight subcolumn half-select switches. 

3. Diode Identification 

Figures 3-33 and 3-34 show the layout of the MA and MB boards which identify the diodes 
with respect to the X matrix or Y matrix. For example, looking at the MA schematic, 
the diodes marked X36 are tied to <2f030W and 0030R. On Figure 3-33, these can be 
physically located at the upper right hand side of the drawing (and the board itself) by 
noting the number (36) shown between two lines (these indicate the diodes), and whether 
it is the read or write diode by the R or W identification. 

The figure is broken down into an X matrix or Y matrix by the solid line extending (in stair- 
case fashion) across the board. 
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PRODAC Half-Select Scheme Typical Partial View for Least-Significant 
Half-Address of One Stack 
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MEMORY ENABLE BOARD 2ME2 



A. GENERAL DESCRIPTION 

The ME board performs or provides several important functions: memory enable decode and 
drive, select accumulator decode and drive, select program counter decode and drive, select 
8 register decode and drive, inversion of return jump instruction decode, interrogate pulser 
timing and core strobe gate drive. (Figure 3-35). 



T ime 

SEQ 

INST 



-Memory Enable 



Select Accumulator Enable 



-Select Program Counter Enable 



-Select S Register Enable 



-Return Jump Decode Inversion 



-Interrogate Pulser Timing 



"Core Memory Strobe Gate Driver 



Figure 3-35. Memory Enable Board 
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B. CIRCUIT DESCRIPTION 

Memory Enable Decode Drive ; Consists of NAND B-ll, E5 and Ell. B-ll disables memory 
during Sequence VI of an output Instruction. E5 disables memory during an external Interrupt 
scan. Ell disables memory during Sequence V of an Input Instruction. 

Select Accumulator Decode Drive : (SEL A) Consists of NAND J and L5. Jll selects accumu- 
lator during Sequence V of OUT and STL Instructions. J5 selects accumulator during Sequence 
VI of ADD, AND, INP, SUB, EOR, and ENL Instructions. L5 is a logic Inverter. 

Select Program Counter Decode Drive: (SEL P) Consists of NAND A, D, and C5. All selects 
P (program counter) during Sequence V of an RJP instruction. A5 selects P during Sequence 
VII. Dll selects P during Sequence II. D5 is a logic inverter. CS inhibits the selecting of P 
during an interrupt scan. 

Select S Register Decode Drive : (SEL S) Consists of NAND Cll, F, H and K5. Cll and P5 
select S during Sequence V of all instructions except OUT, RJP, and STL. Fll selects S dur- 
ing Sequence VI of LSH, RSH, OUT, RJP, and STL instructions. Hll selects S during Sequence 
III. K5 selects S during an external interrupt scan. H5 is a power logic inverter. 

Return Jump Inversion : B5 is a logic inverter. 

Interrogate Pulser Timing : Consists of NAND K5. This NAND (K5) also is used to time the 
external interrupt interrogate pulser. 

Core Strobe Gate Driver: Consists of NAND G, Kll and Lll. Gil inhibits strobe during Se- 
quence VI of INP, STL, OUT, RJP, and STL instructions. Kll inhibits strobe during Sequence 
VI of SDR, LSH, RJP, and STL instructions. Lll is a decoding delay line tap amplifier which 
Inhibits strobe when memory is disabled. G5 has extra base drive in order to drive many ad- 
ditional outputs. 
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PERIPHERAL DRIVER CARD 2PD1 



A. GENERAL DESCRIPTION 

The circuits on this card provide isolation between the subcolumn half-select switches and 
the peripheral equipment. In the absence of the peripheral drivers, cable capacitances would 
present low impedance paths to the currents in the high speed half-select systems and would 
cause excessive ringing. Since both the current amplitude and current rise time are critical 
in the central processor half-select applications, it is desirable to isolate the peripheral 
cables from the half-select switches. In I/O applications neither the amplitudes nor the rise 
times of the voltnge waveforms are critical. 

The relationship of the Peripheral Drivers to the rest of the system is shown in Figure 3-36. 
The inputs to the Peripheral Drivers are the output lines of the subcolumn half-select lines. 
The SEL pulse from the timing card and the Word and Channel Pulser timing pulse together 
enable the peripheral driver circuits. The Peripheral Drivers and the Subrow half-select 
switches form the input-output half-select matrix. 
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Figure 3-36. 
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B. CIRCUIT OPERATION 

1. Circuit Specification 

The inputs to the Peripheral Drivers are o btained at the common collector output stage of the 
subcolumn half-select switches. The SEL and WD & CHN pulser timing inputs are logic levels. 



NPN 
TRANSISTOR 



NPN 
TRANS I STOR 



16 INPUT LINES 
FROM SUBCOL \ 
HALF SELECT 
SWITCHES 



NPN 
TRANSISTOR 
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NPN 
fTRANSISTOR 
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PULSER TIMING PULSE- 



SEL- 





NAND 








NAND 





PNP 
TRANSISTOR 



PNP 
TRANSISTOR 



PNP 
TRANSISTOR 
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PNP 
TRANSISTOR 




> 



16 PERIPHERAL 
) COLUMN HALF 
SELECT LINES 



J 



Figure 3-37. 
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2. Circuit Description 



The Card block diagram is shown in Figure 3-37. Corresponding to the 16 subcolumn half-select 
switches there are 16 Peripheral Driver circuits on the card. Each circuit consists of an out- 
put transistor (PNP) that is driven by an NPN stage. The Peripheral Driver circuits are 
gated by means of a gating transistor that provides th e em itter currents for the NPN stages. 
Thl9 gating transistor is driven by the logical sum of SEL and the External Pulser timing 
pulse - WD & CH. 



INPUT O 





► OUTPUT 



« N 

D4-I3 D4-I8 

R54 50 

VVV-i 



HI- 



D7 



(PULSER TIMING) 



# 



Z2 6.8 V 
R25 3.01 K 

CI 0.0005 MFD 



Figure 3-38. Circuit Diagram 

The peripheral driver circuit (shown in Figure 3-38) operates in the following manner: When the 
SEL and pulser timing pulses are both zeros, transistor T6 is conducting, so that if there is 
an input, transistor T12 conducts, saturating transistor T13. Zener diode Z2 limits the base 
voltage of transistor T6 to ensure operation as a current source initially. Capacitor CI limits 
the rate of rise of the emitter current for transistor T6. This is necessary for limiting the 
rate at which transistor T13 turns on by limiting the rate of rise of its base current. The 
reason for limiting the turn-on speed of transistor T13 is to avoid loosing signal through cable 
capacitance. 

Diodes D4-13 and D4-18 help to keep transistor T12 blocked when the subcolumn half-select 
switch feeding the circuit is not conducting. With the subcolumn half-select switch blocked, 
the input is two diode drops and one collector saturation drop above ground. 
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PULL-UP RESISTOR CARD 1PU1 

A. GENERAL DESCRIPTION 

Resistors are provided for use as additional collector loads for NAND's or modified NAND's 
where it is desired to improve speed or noise immunity. 

B. CIRCUIT DESCRIPTION 

This card contains 34 resistors having a 3. OIK value, connected to 6.8-volt supplies on the 
card. Each resistor adds an equivalent loading of one NAND input to the collector to which it 
is tied. 
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SENSE AMPLIFIER CARD 1SA2 1SA3 

2SA1 2SA2 

A. GENERAL DESCRIPTION 

The circuits on this card are required to provide amplification for the outputs of the core 
memory sense lines. The amplifiers must have good common mode rejection at high fre- 
quencies. Note: There are two sense amplifier card configurations, one for core stacks 
and 3, the other for 1 and 4. Essentially these are to accommodate left and right hand wiring 
to the core stacks. Circuits are identical. (Figure 3-39). 



Core 
Stack 



Sense 
Ampl i f iers 



Regi ster 



Figure 3-39. 

The Sense Amplifier is electrically situated between the sense windings of the core-stack and 
the input of the 7. register. The amplitudes of the sense outputs are too small to set the flip- 
flops of the Z register. The sense amplifiers provide the necessary amplification. 

R. CIRCUIT OPERATION 

1. Circuit Specifications 

The sense windings of the core stack are shunted by a 100 ohm damping resistor and connected 
directly to the input of the sense amplifier. The output of the sense amplifier is transformer 
coupled to a level discriminator on the bit card. The transformer passes the amplified normal 
mode signal while rejecting the common mode signal. 

2. Circuit Description 

The sense amplifier card contains 14 amplifier circuits as well as transformer outputs and 
rectifying circuits, as shown in the card block diagram, Figure 3-40. 



Refer to Figure 3-41 and drawing 743A314. The sense amplifier is a two stage, a-c, balanced 
amplifier. The first stage, consisting of transistors T14-1 and T14-2, provides all the volt- 
age gain of the amplifier. The second stage, consisting of transistors T15-1 and T15-2 acts 
as a buffer amplifier with unity voltage gain. The output is obtained between the emitters of 
transistors T15-1 and T15-2. The blocking capacitors Cll-1 and Cll-15 isolate the d-c emit- 
ter currents of T14-1 and T14-2 and T15-1 and T15-2 respectively. This ensures that under 
quiescent conditions none of the transistors will be blocked, thereby eliminating the need for 
matching the transistor pairs for base-emitter voltage drop. 
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Figure 3-40. 
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Figure 3-41. 
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SEQUENCE CONTROL CARD 1SC2 

A. GENERAL DESCRIPTION 

This card provides a three-bit sequence advance register, a three-bit sequence half-advance 
register, a sequence half-advance to sequence advance gate, a decoding gate to set half- 
advance register, a decode of Sequence V, and clamping for manual read core and manual 
write core. 

Figure 3-42 shows in block diagram form the uses of this card. 

B. CIRCUIT DESCRIPTION 

Block diagram Figure 3-42 is helpful in connection with study of the following block description 
and also drawing 743A302. 

The Sequence Advance Register: Consists of NAND's D, E and F. These have double-base 
drive for high fanout. 

The Sequence Half-Advance Register: Consists of NAND's A, B and C. These also have 
double-base drive for high fanout. 

Sequence Half-Advance to Sequence Register Gate: Consists of NAND's J, K and L. It trans- 
fers both sides of the register, thus avoiding clearing before transfer. 

Sequence Half-Advance Decoding Gate: Consists of NAND's G, H, N, P and R. (See the se- 
quence flowchart located at the bottom of schematic for sequence rotation.) 

Rll sets Sequence III from Sequence II. H5 sets Sequence IV from Sequence III on a non-jump 
instruction. Hll sets Sequence IV from Sequence III when a jump is to be taken. Pll sets Se- 
quence V from Sequence III. Nil sets Sequence VII from Sequence III. P5 sets Sequence V 
from Sequence IV. G5 sets Sequence VII from Sequence IV. Gil sets Sequence VI from Se- 
quence V. N5 sets Sequence VII from Sequence VI. R5 decodes a non-jump instruction. 

Decode Sequence V: Consists of NAND M. Mil decodes Sequence V. M5 inverts Sequence V. 

Manual Read Core Decode: Consists of R25-14 and D7-2 to D7-6. Switch grounding clamps 
Sequence V of the ENL (Enter Lower) instruction. 

Manual Write Core Decode: Consists of R25-13 and D7-1 and D7-7. Switch grounding clamps 
Sequence VI of the STL (Store Lower) instruction. 
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Figure 3-42. 
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S REGISTER DATA TRANSFER 2ST2 

A. GENERAL DESCRIPTION 
This card is used to provide: 

1. Adder to S gate drive 

2. Clear S to "one" gate drive 

3. Clear X to "zero" gate drive 

4. Input data strobe gate drive 

5. Input and output decode for Word and Channel pulsers 

6. Instruction step decode 

7. Inhibit pulser timing signal 

Figure 3-43 shows in block diagram form the uses of this card. 

B. CIRCUIT DESCRIPTION 



ADD — » S q-7 consists of NANDs E5 and All. E5 is used as a decoding delay line tap amplifier. 
All is used as an inverter. 



ADD— Sg- 13 consists of NANDs Ell and A5. Ell is used as a decoding delay line tap ampli- 
fier, A5 is used as an inverter. 

CLR S/ _7,l consists of NAND G5 which is used as a decoding delay line tap amplifier. 



CLR S/g_ 1 3,l consists of NAND Gil which is used as a decoding delay line tap amplifier. 



CLR X , consists of NAND F5 and diode Dl-4. F5 is us ed as a double drive decoding delay line 
tap amplifier, Dl-4 is used to clamp the output of CLR X bus for master clearing the X register. 
Of special note here, observe that the VI logic signal on pin 3 is not diode isolated. 

Input Strobe - consists of NAND Fll and D5. Fll is used as a decoding delay line tap amplifier, 
D5 is used as a double base drive inverter. R21-1 is used as pull-up which helps to improve the 
rise time of the strobe pulse. 



WD and Ch. Pulser Timing - consists of NANDs Dll and Bll. Dll is used to decode the Input 
instruction and sequence V. Bll decodes the Output instruction and sequence VI. 

Inst Step - consists of NAND B5 which decodes the cleared, Half Advance at the end of a se- 
quence which indicates the next sequence will be I or II. 

Inhibit Pulser Timing - consists of NAND C5 and Cll. C5 is used as a decoding delay line tap 
amplifier except two taps, L2 and L3 are decoded. It provides a zero output over the duration 
of two delay line tap periods. Cll is used as a double drive decoding gate driver. Cll output 
signal is similar to the W signal except that it occurs one delay line tap earlier. 
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Figure 3-43. 



20-2 



to 

o 
I 

CO 



n 



SiJ— ! 



@' v.> 




^T 






G S>- 



CL« ^>\q-1, < 



cml. •■' 



-s 



-E3 



£3- 



sX 







-El 



"»*""— 'CT 



D !> 




D iD-l 



*nt' "v>iMi T "*f» 



-G3 



B 3V- 



JSSUIE_g 




<Tb 'y^- ng] 



K i> ta »-y^ Ti 



© 



T, 



U-SW-: 



@a- 



"¥ 



1—3- 



C Q> 



-ED 



will 




mote* 

I PIN iO 111 MkMOt TO Md (PlM LI) 
I PlM« ALL M>M0«TO «.V EXCEPT WMKnC 
'MOl CtTgP 

1 P S »M60L FOR LOfclOM. >U0 Mr MIA4DI 



£"T5* B 'T®- 



wunNOMOuu lucrac 






■W w l v^ 



../#-- 






^H" t=fc*,gffKs: 



m/T>» >t»thw r'Titofi 



o /P59- / 



offiEIK oggaDo 






— & 



° u 

o o } 

ooo Q 






oJBSDo 



< H| <*-; H > 



o|c»W |o 



o viei-i t o 
o^HEDo 



Xigl-i H> 



to 

o 
I 



1 l i 



> • • 

I o > 

COO Q 



;«usa (z*r) 



°im -3 ho 
odZ3o 



I 



o 4ft f fr o 

OftO 4 



oflfc_Z_§o 
o »V-l » -o 

oOJo 

o *"^» o 
o jfc<t* o 

o WUl o 
o im .li e 



asTi 



s£e >vore 9 s». a 



o 

4 b 



Down tuti m 

mtMi an mw rats on 



• •> MM 



jcsiJL 



iasa. 



truct jnaci 
otc etc 



roumwcf uMun 

ccmco 



WESTINONOUSI IUCTWC COtMMUIION 

titu PRODAC SO" SERIES (iST iJ 



*>m/\**r<S 



computim svarcMS division 



743A36 8 

'~SH~2 0r"B 



w wmw *•>«•• 



TIMING CARD 4TC1 



GENERAL DESCRIPTION 



The timing card generates the clock pulses. It provides a delay line timing chain, a two bit 
register, core read timing, core write timing, the half-select selection timing, a clear Z gate 
drive, clear and set sequence half-advance gate time, a stop relay, and a master clear relay. 

Figure 3-44 is a block diagram of the use of this card in the system. 

B. CIRCUIT OPERATION 

1. Circuit Specifications 

The delay line has a total delay of 1.5 microseconds, three passes are made through the delay 
line to achieve the basic 4.5 microsecond cycle time. 

2. Circuit Description 

The delay line is started by a "zero" signal at pin 1 of NAND P flip-flop. This flip-flop is used 
to prevent contact bounce from the start (external to the board) button from restarting the delay 
line. 

Capacitor C3-1 and resistor R21-7 differentiate the output of P5 to set dual NAND flip-flop N. 
This provides base drive to transistor T7-1 which drives the delay line directly. 

The delay line will sustain itself via dual NAND G12 which acts as a hold off clamp to insure 
that no multiple pulses occur down the line. 

NAND M5 provides restart from the last tap of the delay line. 



The delay line may be stopped with a "zero" on the STP input on pin 2 of dual NAND M. 



This STP occurs as a result of a STOP instruction or by depressing the stop (externally 
mounted) button. 

Transistor T7-1 is used as a emitter follower circuit to provide a twelve volt, 300 nanosecond 
pulse. The pulse width is determined by the first tap of the delay line which generates a level 
to turn off T7-1. Tap voltages greater than five volts cause switching of the tap amplifiers. 

The timing register consists of NAND flip-flops B and C and NAND gates H and J. This regis- 
ter is used to count the cycles and will be T0-T1; T0-T1; and T0-T1. 

The core read_pulser timing consists of NAND flip-flop D and NAND gates K. The Read pulse 
(R) is set by TO and LI and stays set until the following LI time when TO clears the pulse. 

The core write pulser timing consists of NAND flip-flop E and gates NAND L. The Write 
pulse (W) is set by T0-T1 and L3 pulse and stays set until the next L3 time when Tl clears the 
pulse. 
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Half-Select selection timing consists of NAND F and is set by the first LO pulse and stays set 
until the third L3 time when Tl clears W and Sel at the same time. 

Clear Z gate driver consists of NAND Mil, Mil is used as a decoding delay line tap amplifier 
R21-5, R21-6, C6-3 and Dl-16 provide a pulse to clear Z when Master Clear (external to the 
board) is depressed. 

Clear sequence half advance gate driver consists of modified NAND Gil which is used as a de- 
coding delay line tap amplifier. 

Set sequence half advance gate driver consists of NAND A5 which is used as a logic signal in- 
verter. 

Set sequence advance gate driver consists of NAND All which is used as a logic signal inverter. 

The Stop circuit consists of relay Ml-2 and associated components; with this relay closed, the 
computer will transfer from "run" to "instruction step". 

The Master Clear circuit consists of relay Ml-1 and associated components; with this relay 
closed, the computer will stop then master clear the register to preset condition, that is, it 
will clamp Sel, reset flip-flop P; clamp Clr HA, clamp W, clamp R, set Tl. set TO and clear Z. 
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Figure 3-44. 
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Z TO X TRANSFER CARD 1ZX3 



A. GENERAL DESCRIPTION 

This card provides these gate drives: 

7 -X 

Z »X 

Z -X 

7. ► V 

7 - — ► U 
I) ►'/ 

The 17X3 card also provides gate drives for designator logic to designator gate, clear desig- 
nator to "7ero" gate, clear designator to "One" gate; and Sequence VI decode. 

Figure 3-45 shows the area of the computer which this card provides. 

B. CIRCUIT DESCRIPTION 

The accompanying block diagram is helpful in study of the following description of the blocks 
composing this card. 

7 » X Gate Driv e: Consists of NAND B, C. R59-1, Dl-3. C5 enables Z -X gate drive in 

Sequence V. Bll inhibits Z "X gate drive in Sequence V during a SUB or DCR instruction. 

Cll inhibits 7 — »-X gate drive in Sequence V during a RSH instruction. B5 is used in a gate 
drive circuit. 

7 »X Gate Drive : Consists of NAND Kll, Lll, G5, R59-2, Dl-2. Kll enables Z -X 

gate drive in Sequence V of DCR instruction. Lll enables Z- — *-X gate drive in Sequence V 
of SUB instruction. G5 is used in a gate drive circuit. 

7- — *X Gat e Drive : Consists of NAND F. R59-3 and Dl-1. Fll enables Z -X gate drive 

in Sequence V of RSH instruction. F5 is used in a gate drive circuit. 

7 »F Gate Drive : Consists of NAND K5 and L5. K5 enables Z *F gate drive in Sequence 

III. L5 is a logic inverter. 

7 ► D Gate Drive : Consists of NAND A. All enables Z »D gate in Sequence V of an EDR 

instruction. A5 is a logic inverter. 

D *-Z Gate Drive : Consists of NAND J. J 11 enables D ~Z gate drive in Sequence V of 

an SDR instruction. J5 is a logic inverter. 

Designator Logic toJDesignator Gate Drive: Consists of NAND D, E5. E5 enables the desig- 
nator iogic to designator gate in Sequence VI of an instruction which terminates in Sequence 
VI. D5 is a logic inverter. 
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Clear D to "Zero" Gate ; Consists of NAND Hll. Hll clears designator to "Zero" prior to 
designator logic gating. Master Clear also clamps this gate drive. 

Clear D to "One" Gate : Consists of NAND Ell. Ell clears designator to "One" prior to gating 
Z Register to designators in EDR instruction. 

Sequence VI Decode: Consists of NAND Gil. 
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Figure 3-45. 
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3AC4 - ANALOG CONTROL MODULE 



GENERAL DESCRIPTION 

This module is used in the Analog Input subsystem to 
provide proper gating of the output(s) of the voltage-to- 
frequency converter(s) into the counter(s) (CT module). 
In addition, the 3AC4 module contains a power supply 
switch, used to reset the word and channel driver SCR' 8, 
and an input by which the Analog Trap (AT module) can 
open the supply switch. The connection of the 3AC4 
module to the Analog Input subsystem is shown in Fig- 
ure 1. 
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FIGURE 1. APPLICATION BLOCK DIAGRAM 



• The power supply switch output to the word and 
channel drivers is normally held to PSC. When the 
power supply switch triggers this signal goes to +26V 
(diode coupled) for 1.8 ms. 

• The interrupt signal goes from positive (+ 26V) 
to near zero to positive and is approximately 1. 8 ms 
in duration. 

Power Requirements 

Connection to +26V and PSC is required. Power con- 
sumption is approximately 350 mA. 

CIRCUIT DESCRIPTION 

Before discussing the overall operation of the Analog 
Control circuit, the operation of the following special 
circuits is described. 



NOTE 

The following description is for a 60 Hz 
power line frequency environment. For 50 
Hz power line frequency the circuit oper- 
ation is identical to 60 Hz operation, except 
the timing pulses are at 100 PPS instead of 
120 PPS. 



CIRCUIT SPECIFICATIONS 



Input Requirements 

• The 120 PPS input requires a 15V, pk-pk, 50% 
duty cycle, square wave input which is in phase lock 
with the 60 Hz power line frequency. For 50 Hz power 
line frequency, the input requirement is 100 PPS in- 
stead of 120 PPS. The read trigger input requires 

4 us zero going pulse. 

• The V/F (voltage-to-frequency converter) sig- 
nal requires a logic level positive pulses with a max- 
imum pulse rate of 1 MHz. The power supply switch 
override input requires a zero voltage level. 

Output Capabilities 

• Provides logic level "zero" pulse to reset the 
counters. 

• The count signals to the counters are logic level 
pulses, the frequency and shape is the same as the out- 
put of the V/F converter. 



Integrated Circuit Dual NANO - 1112 

Refer to Figure 2 for schematic and symbol diagrams. 
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FIGURE 2. IC SCHEMATIC AND SYMBOL 

The output transistor can conduct ("zero" state) only if 
all inputs are high ("one" state) to permit base drive to 
the output transistor. This is illustrated by the follow- 
ing truth table. 
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Pin No 






(-OUTPUT-) 
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120 PPS Timint Pultis 

Refer to the circuit diagram shown In Figure 3. 
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FIGURE J. 120 PPS TIMING CIRCU17 

Transistor T5-3 is normally conducting riu* to the ba^e 
drive supplied by resistor R28-2. The logical "zero" 
output of T5-3 is inverted to a logical one" by the 
Integrated circuit module NAND W2-B5. The capa- 
citor C5-1 causes this circuit to differentiate the 120 
Hz square wave from the Phase Lock oscillator (PL) 
module entering Pin H16. The result of differentiation 
is an approximately 60 us wide, logical "one" pulse at 
the output of T5-3 and the complementary' pulse at the 
output of W2-B5. This 120 PPS pulse train is used to 
sequence the Analog Control module. 

Delay Circuit Numfetr Oni 

Refer to Figure 4 for the circuit diagram and Figure 5 
for the circuit timing. 
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FIGURE 4. NO. 1 DELAY CIRCUIT DIAGRAM 

The function of this stage is to provide a minimum time 
delay between the READ TRIGGER pulse and the first 
120 PfS timing pulse used to start the integration pe- 
riod. 

N.-iTnal:', , the output of flip-flop 'V2-A5 is a "zero". 
Transistor Tl-1 is blocking since the cathode of zener 
diO'lo Z7-1 is near ground. Diode Dl-13 is a base 
drive clamp for transistor Tl-1. It permits Tl-1 to 
condan only at a 120 PPS timing pulse, provided there 
is base drive through Z7-1. 
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FIGURE S. NO. 1 DELAY CIRCUIT TIMING 

The 4 ^8 READ TRIGGER pulse starts the time delay by 
Betting Hip-flop W2-A5 to a 'one". This removes the 
clamp on capacitor C26-1 which then charges toward 
the 15V zener supply (Z4-1 and R56-1) through Dl-12, 
R24-1, and M12-1. Potentiometer M12-1 is used to 
adjust the time delay. 

CAUTION 

Do not readjust this time delay. 
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This adjustment is made at the factory and should be 
readjusted only at the factory due to the difficulties of 
setup. When the voltage on C26-1 reaches the threshold 
voltage zener Z7-1 conducts and makes base drive 
available to transistor Tl-1. However, transistor 
Tl-1 continues to block until a 120 PPS timing pulse 
(a "one" pulse) removes the base drive clamp through 
diode Dl-13. Thus, transistor Tl-1 conducts for the 
duration of the timing pulse. 

The delay circuit is reset by a "zero" pulse from the 
next stage at reset Pin 7 of flip-flop W2-A. Resistor 
R21-2 is a current limiting resistor for C26-1; It dis- 
charges through the output transistor of W2-A5. 

Single Stage of Ring Counter 

Refer to Figure 6 for the circuit diagram and Figure 7 
for the circuit timing. 
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during the delay period. This changes to a "one" at the 
trailing edge of the timing pulse which enables the ring 
counter stages. At the next 120 PPS timing pulse tran- 
sistor Tl-2 conducts, thus shifting the "one" to the next 
stage. Flip-flop VV2-C is reset by a "zero" from the 
next stage at the trailing edge of the timing pulse. 
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FIGURE 7. RING COUNTER SINGLE STAGE TIMING 



FIGURE 6. RING COUNTER SINGLE STAGE SCHEMATIC 



Delay Circuit Number Two 



The function of the ring counter single stage is to time 
_• cycle of the power line frequency (or one period of 
the 120 PPS timing pulses) bv shifting in a "one" at one 
liming pulse and shifting the "one" out at the next tim- 
ing pulse. 

W2-C is the memory flip-flop for the timing pulse. 
Transistor Tl-2 and its diodes form a NAND gate 
which prevents the output of the flip-flop (Pin 11 of 
W2-C) from setting the next stage when W2-C flip-flop 
is initially set. Circuit operation is as follows: 

Flip-flop W2-C is preset to "zero" (Pin 11) at the be- 
ginning of a conversion by the READ TRIGGER pulse. 
It is set to a "one" by a "zero" at the input (Pin 7) from 
the previous stage. This input will occur at a timine- 
pulse and the flip-flop W2-C will change state on the 
leading edge of the timing pulse. Diode Dl-17 is con- 
nected to the input. When the input is a "zero" this 
blocks Tl-2. Diode Dl-19 is connected to the inverted 
output of the delay circuit flip-flop, which is a "zero" 



Refer to Figure 8 for the circuit diagram and Figure 9 
for the circuit timing. 




FIGURE 8. NO. 2 DELAY CIRCUIT DIAGRAM 
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The function of this circuit is to generate, upon pulse 
command, an output for a fixed time delay. 



READ I 
TRIGGER 
W2-GI 



IT' 



INPUT 
W2-G7 



OUTPUT 
W2-GII 



~u 



J 



. TiMf 
DELAY 



FIGURE <> NO. 2 DEL' r CIRCUIT TIHtHG 

The memory fli;j-fl>>p WZ-0 .:, prest-i ut the beginning 
of a conversion b. tho READ TR.IGi.iEH pulse ("zero" 
pulse). The output '.if W2-CU is therefore a "zero". 



Translator Tl-4 is blocking. Upon a "zero" pulse in- 
put (Pin 7) W2-G11 changes state to an output of "one". 
This removes the clamp on capacitor C24-1 and permits 
it to charge toward the 15V zener supply through Dl-32, 
R21-8, and M73-1. Potentiometer M73-1 is used to 
adjust the time delay. (This adjustment is made at the 
factory.) When the voltage on C24-1 reaches the zener 
Z2-2 plus the Tl-4 base-emitter voltage, zener Z2-2 
conducts and transistor Tl-4 is turned on. This action 
resets flip-flop W2-G11 to a "zero". Resistor R21-3 
current limits the discharge of C24-1 through the out- 
put transistor of W2-G11. 



Pewor Supply Switch & Analog Completion Interrupt 

Refer to Figure 10 for the circuit diagram and Figure 
11 for the circuit timing. 

The function of this circuit is to supply a ground path 
for the Word Drivers (WDPSS0) and the Channel Driv- 
er (CDPSS0), and to generate the Analog Completion 
Interrupt at the end of the conversion cycle. 
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FIGURE ?). PS SWITCH i ANALOG COMPL. INTERRUPT TIMING 

Normally, (under steady state conditions), integrated 
circuit NAND W2-F5 is a "one", thus, transistor T5-8 
is conducting and supplying a large base drive to the 
power supply switch transistor T7-1. Transistor T7-1 
is. therefore, normally conducting and providing a 
ground path to the word and channel drivers. Transis- 
tor T5-10 is normally blocking. 

When the end of an integration period occurs, the in- 
verted output of the second ring counter stage becomes 
a "one". Then, for the duration of the "one" output of 
the delav circuit number two, the output of W2-F5 is a 
"zero". Therefore, transistor T5-8 and T7-1 are 
blocking for this period of time. There is sufficient 
time for the word and channel driver SCR' s to turnoff. 
During this time transistor T5-10 pulls the interrupt 
signal lo ground. 

When the output of the delay circuit number two returns 
lo a "zero", transistor T7-1 returns to the conducting 
state. This action returns transistor T5-10 to the 
blocking state, thus returning the interrupt signal to 
• JiiY. This positive going pulse is recognized by the 
process interrupt I/O. 



The PSS OVERRIDE connection (Pin X7) from the Ana- 
log Trap (AT) module is provided so that upon detection 
of a multiple point selection, the Analog Trap circuitry 
can open the power supply switch. A "zero" signal on 
Pin X7 will open the power supply switch and, there- 
fore, stop the multiple point selection. 

AC Module Operation 

Refer to the 3AC4 schematic, ig) dwg. 743A343- 
(Fig. 11). 



If only the 120 PPS signal is present, It can be seen that 
no matter what state the flip-flops were In to start, the 
Analog Control circuitry will come to a stand-still. 
This occurs when the output of all flip-flops Is "zero". 
In this steady state condition, all flip-flops are reset, 
which is the same state that exists following the com- 
pletion of each analog input sequence. 

The timing sequence of the Analog Control module is 
shown in Figure 12. 

The sequence begins with the 4 /is READ TRIGGER sig- 
nal from the span and gain (SB) module, which sets the 
DELAY CIRCUIT NUMBER ONE-FF via transformer 
Xl-1 and transistor T5-1 and resets all other flip-flops. 
The DELAY CIRCUIT NUMBER ONE-FF resets all 
counter modules via transistor T5-2 and times out 
DELAY CIRCUIT NUMBER ONE for 8 ms to permit 
sufficient settling time for the point, bus, and guard 
relays selected and the V/F converter. 

The timing sequence (Figure 12) shows three conditions 
for the READ TRIGGER pulse: 

A. For the latest possible READ 

B. For the earliest possible READ 

C. For a READ which was too late for maximum 
scan rate (4 ms before timing pulse). 

At the next 120 PPS timing pulse leading edge, following 
the 8. ms delay, the first stage ring counter flip-flop 
W2-C11 is set, which stops the reset of all counters and 
raises the output of NAND W2-D5 to a "one". The trail- 
ing edge of the 120 PPS timing pulse resets the DELAY 
CIRCUIT NUMBER ONE-FF, which also disables the 
counter reset and raises the final isolating gate input's 
to a "one" to enable all isolation gates. 

Each V/F converter output is transformer decoupled 
and isolated from the analog control circuitry via trans- 
formers Xl-2, Xl-3, Xl-4, and Xl-5. The outputs of 
the isolating gates to the counters is via transistors 
T14-1, T14-2, T14-3, and T14-4 for V/F converters 
numbers 4, 3, 2, and 1 respectively. The isolating 
gates are enabled for one cycle of the power line fre- 
quency. 

At the leading edge of the next 120 PPS timing pulse, the 
second stage ring counter flip-flop W2-E11 is set, which 
maintains the "one" output of NAND W2-D5. The trailing 
edge of the 120 PPS timing pulse resets the first stage 
ring counter flip-flop W2-C11. 

At the leading edge of the next 120 PPS timing pulse the 
DELAY CIRCUIT NUMBER TWO-FF is set and the time 
delay is started. The trailing edge of the timing pulse 
resets flip-flops W2-E11 and coincidently closes the 
isolation gates blocking the V/F output signals and 
opening the power supply switch. 
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During the two 120 PPS timing periods the V/F output 
Isolating gates were open for one cycle of the power line 
frequency. Thus giving the Analog-to-Dlgltal system 
its noise Integration capability. 

The power supply switch is opened for 1.8 ms to drop 
out the Analog Input relays selected. Typically, 0. 6 
ms following the closing of the power supply switch, the 



analog completion interrupt Is set. 
log conversion cycle is oompleted. 



With this, the ana- 



Note that sufficient time is assured between the opening 
of the power supply switch and the earliest possible out- 
put of the new Analog Input addresses (approximately 
100 ms following the setting of the analog completion 
interrupt) for the previous relays to drop out before the 
newly addressed relays pick up. 
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1A01/1A03 - 10/11 BIT ANALOG OUTPUT MODULE 



GENERAL DESCRIPTION 



Resistor Network 



This card is used to convert binary, digital information 
into a voltage level. It contains 10 (11 for the 1A03) 
mercurv-wettcd contact, bistable relays which switch 
resistors in a digital potentiometer to provide 1023 
(2047 for the 1A03) linear steps of voltage output. Each 
relay has a set and a reset coil. Each coil has a series 
diode for operation in a matrix and a parallel diode for 
voltage spike suppression. Resistors are included to 
provide a suppression ratio of 0.25 (as with a 1-5V out- 
put range) and 0. 125 (as with a 1-9V output range). 
With proper cables to an X panel, the card may replace 
2 contact-closure output (CO) cards, or it could be 
switched with contacts or electronic switching. A block 
diagram of the card is shown in Figure 1. 
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Any changes in the supply voltage to the network will 
cause the same percentage change in the output. The 
supply voltage should be regulated to better than that 
required on the output. The current drawn by the net- 
work will vary from to a maximum depending on: 

1. The binary number set into the relays. 

2. The nature of the load. 

3. The zero suppression resistor (R 7 ) used, if any. 

The maximum load is drawn from the power supply when 
the conductance of the resistors (including the load) be- 
tween the output bus and one power terminal equals the 
conductance of the resistors switched between the out- 
put bus and the other power supply terminal. For low 
resistance loads, this point may not be reached and the 
maximum current would be drawn when all the relays 
are set. This would be the case if the load conductance 
is greater than the conductance of all switched resistors 
and the zero suppression resistance, if used. For 
negligible load (high resistance), the supply voltage (E-) 
equals the full-scale output voltage (Em). 

To determine the desired input voltage for an appreci- 
able load resistance, we must first define the following: 



FIGURE J. APPLICATION BLOCK DIAGRAM 
CIRCUIT SPECIFICATION 
Input Requirements 

Relay Coils 



H 



Full scale output voltage 



I = Full scale output current 

H v 



E = Zero scale output voltage 



These coils are normally pulsed using word drivers, 
channel drivers and a power supply switch under pro- 
gram control. If they are switched otherwise the fol- 
lowing data can be used: 



Type: 

Resistance: 

Turns: 

Must Operate: 

Must Release: 

Max voltage at :i5°C. 

Max dissipation at 

35°C: 
Coil rise: 
Current (mA) . 
Operate time(ms): 
Series diode drop: 



Clare HGSM 5235 

675 f2 + 10% at 25°C 

4220 

6. 8 mA (28 A. T. Nominal) 

fi . s m A 

35V 

1.75W 



1 rc per watt 
12.7 IS. 7 30.5 
1.6 1.4 1.3 

approx. 0. 7 V 



54.2 
1.2 



I = Zero scale output current 



E -E T = SPAN (or 1„ - I T = SPAN) 
H L H Li 

suppression ratio or 



< E H- E L> 



<<H " l l) 



R = Load resistance 

1j 



L R. 



Load conductance 



R = Zero suppression resistance 
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G = — = Zero suppression resistance conductance 
z R 

z 



r = Resistance of all switched resistors in parallel 
(250 n> 



G = =— = Total conductance of the switched re- 
T sistors (. 004 mhos) 



For high load resistances (voltage output), the necessary 
supply voltage can be expressed as: 



F F ♦ E " Rt 

E S H + R T (1+s) 



For low load resistances (current output), the necessary 
supply voltage can better be determined as: 



Wl 



H T 
(1+s) 



The maximum input voltage, and therefore the output, 
is limitef by heating in the 500 ft resistor. The maxi- 
mum voltage appears across it at approximately mid- 
range, either when it is switched up and all the others 
down, or vise versa. All the others in parallel ap- 
proach 500 ft so that the circuit may be approximated 
by Figure 6 with R^ = Rg 



500 ft. 



The 500 ft resistor is calibrated at 25°C and has a 
temperature coefficient of +20 parts per million per 
°C or +0. 002%/°C. It has a temperature rise of 50°C 
per watt. To limit its change to less than 0. 1%, its 
dissipation should be limited to 1 watt, giving a maxi- 
mum voltage of 22. 5V across the 500 ft resistor. 

Using this criteria, a graph has been prepared (Fig. 2) 
showing the output voltage and current ranges that are 
allowable for the 3 suppression ratios, 0, 0. 125, and 
0. 25 that are available on the card. If other positive 
suppression ratios, (s), are desired and external re- 
sistors are added, the equations for calculating the 
boundary lines are: 



2 (22.5) 



(1 * s) 
(1 + 2s) 
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FIGURE 2. OUTPUT VOLTAGE AND CURRENT RANGES 

Output Rta.ulr«m«nti 

The maximum output is covered under Input Require- 
ments in determining the input voltages needed to supply 
a given load. Since the network is simply a voltage 
divider, one end of the load is connected to the power 
supply common. All loads fed from one power supply 
must be capable of being tied to a common. 

Pewtr Riqulnmints 

The current drawn from the supply varies parabolically 
with the binary number set into the relays. That is, as 
the output increases, the power supply current tends to 
increase, reach a peak, and fall off again. (See Fig. 
3 and 4. ) In the case of a short circuited load, this 
degenerates into a straight line and the maximum cur- 
rent drawn is at maximum output and is 

(1 ♦ s) =£ 



E H = 2 (22.5) 



(1 + s) 



500 I. 



If the load resistance is less than 



If a different maximum voltage is to be allowed on the 
500 ft resistor rather than the 22. 5V limit set above, 
the desired voltage would be substituted for the con- 
stant 22. 5 in the above equations. 



(1+ s)' 



the inverted parabola never reaches its peak and the 
maximum supply current also occurs at maximum output 
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and is 



R s 


+ 


(1+8) 



proportional to the worth of the bit they represent. In 
the typical case, some of the resistors are switched up 
and others are switched down. Call the parallel resis- 
tance of thoBe switched up R A and those down Rg. (See 
Fig. 5. ) The open circuit output voltage is 
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where Eg is the supply voltage. It is easier to work in 
terms of conductance G and the output voltage is then 
expressed as 



G A ' °B 



Note the numerator is G 



A- 



The denominator is con- 



stant (G T ) since it is the sum of the conductances of all 
the resistors and is approximately 1/250 or 0.004 mhos. 



FIGURE 3. SUPPLY CURRENT WITH NO LOAD 

If the resistance is greater than 
R T 



(1 • s) 



the peak of the inverted parabola is reached at an inter- 
mediate point where the resistance connected to one 
power supply terminal equals that connected to the 
other and the peak current is 
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FIGURE 4. SUPPLY CURRENT WITH LOAD 
AND ZERO SUPPRESSION 



UKbUiT DESCRiPTiON 

The relay resistor analog output system is in effect, a 
digital potentiometer. The resistors begin at 500 CI in 
the most significant bit and each succeeding one is 
double the one before it. Thus their conductance is 



FIGURE 5. LOAD DIAGRAM 



Assuming a well regulated power supply, the internal 
impedance of the supply is negligible and the Thevenin 
looking-in resistance is simply all the resistors in par- 
allel or approximately 250 fi. The Thevenin open-cir- 
cuit voltage is proportional to the binary number set in- 
to the relays. With all resistors switched up, the open 
circuit output voltage is the supply voltage E g . (See 
Fig. 6.) 
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FIGURE 6. OUTPUT WITH NO LOAD 
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If an appreciable load is added, the full scale output 
droops but the output remains linear since the Thevenin 
looking-in resistance remains constant. The supply 
voltage can be raised (see Input Requirements) to bring 
the full scale output up as desired. Another way to look 



at it is to consider the 



being added to G R . The output then is 



load conductance a constant G T 

i_. 



In this case, it is 0. 004 x 0. 25 or 0. 001 mhos. The 
resistor needed is 1000 0, regardless of load for s = 
0. 25. The necessary supply voltage Eg is that needed 
to give the load voltage plus the drop across Ga and 

G. = G T and the load voltage is E H 



Gy. At full scale 



< G B +G B 



G T ) E S 



G T + G L 



where the denominator is fixed tor a fixed load. To 
achieve a positive suppression as, for example, a 
range of 1-5V, a zero suppression resistor (R,,) with 
a conductance G 7 can he added in parallel with'R. . 
The output is then 

G. - G„ 



Substituting 
I, 



H 



we get 



— - and G r 



R 



H 



E H R T 
R L (l + 8) 



G T = (1 



s)(G T ) 



_ illll 



<G T ~ O, - G 
For the low end output G 



O inri 



For low resistance loads where the network acts more 
like a current source it is more convenient to substitute 



I H R L and (C^G T ) 



R_ 



'OUT " (G T - G L - G 2 ) E S 



as before and use 



while the high end output is 



°T • G z 



< G T * G L 






since G\ r G T . 1 tii- '.littVrenee between these two is 
called the SPAN. Tin suppression ratio is the iow end 
value divided In the SI' AN. m this ease (1/(5-1) ) or 
0.25. (See Fig. 7. ) 
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FIGURE J. OUTPUT WITH LOAD AND ZERO SUPPRESSION 

As it turns out, the required '<:ro suppression conduc- 
tance Gr, is the potentiometer total conductance G T 
times the suppression ratio or R~ 

R T 

r z . _ . 250 /s 



In the sample case (Fig. 5). 



E S ~ Hl R L ' (1 + s) 



250 



iOOO (1- 0.25) 



5V 



Two, zero suppression resistors are furnished on the 
card and can be jumpered in on the terminal blocks. 
They are R178-2 (1000 U for a 0. 125 suppression ratio). 
Current drawn from the supply varies parabolically with 
the number set into the relays. For high resistances it 
is a maximum when the conductance above the output bus 
equals that below. The maximum supply current is 
E S (l''*)( c r + G + G ) which may oe expressed as 



R x _ : (i^s^ ^ 

S -m T R L o 4R T 4R L 



In the sample case with R - 2000 12, the maximum sup- 
ply current is 

, r I 1.25 1 \ 

5.5 x , ■ ■ + — — - = 5.5(0.00125 + 

\ 1000 «000 I v 

\ / 



0.000125) = 0.00758 A 



As the load resistor is decreased, its conductance G L 
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increases and the peak current is drawn from the power 
supply closer to full scale. When G, exceeds Gy + G T , 
the peak is never reached and the peak current is that 
drawn at full scale. In terms of resistors, this occurs 



if 



R L < (5 



Z T 



V 



Substituting R— = 250 and R2 = 250/s gives the criteria-. 

.fR < -i22_. 

L (1 - s) ' 



The output increases linearly with the binary number set 
into the relays . Thus , maximum output is achieved by 
picking up all relays: and zero scale, by droppingout 
all relays. Picking up the most significant bit relay, 
500 ft resistor and changes the output by 50% of the span. 
The next relay gives a 25% change, the next 12. 5%, etc. 
The bit pattern set into the relays must be thought of as 
a binary fraction with the binary point to the left of the 
most significant bit furnished on the board. This pattern 
represents the fractional part of the range to be output. 
In this way, 100% of full scale is only approximated 
within 1 step, but the voltage supply is generally adjust- 
ed for 100% output with all relays up. 



the maximum power supply current is drawn at full 
scale and is 



R 



250 
(1 + s) 



The percent of full scale at which this occurs is 50 
/ R„ \ 



1 



R T 



In the sample case, this is 50 



/ 



0.25 



250 
2000 



% = 43.8% 



(If this exceeds 100%, the value at full scale must be 
used as covered above. ) 
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1A02 - 5-BIT REVERSIBLE ANALOG OUTPUT MODULE 



GENERAL DESCRIPTION 

This card is used to convert binary digital information 
into a current or voltage level. A typicai load is a low 
resistance, electrically isolated, magnetic amplifier 
control winding. Using a 25V power supply, two nom- 
inal output ranges are available, 10-0-10 mA and S0-0- 
80 mA. 

The card contains 7 mercury-wetted contact, bistable 
relays, 5 of which switch resistors in a digital poten- 
tiometer while the other 2 reverse the polarity of the 
load. With 5-bit accuracy, 32 linear output leveis are 
available in either direction. With zero output being 
included for each polarity, 63 discrete output levels 
are possible. The impedance seen by the load will be 
constant, regardless of level. This card can be plugged 
into a contact closure output slot and an "<-pair cable, 
MHO (originally used with the CB card) will connect its 
output to 1 terminal block on the "half sheiis". The 
same cable used with the CCO's may be used, connect- 
ing to suitable terminals on the half shell terminal 
blocks. 

CIRCUIT SPECIFICATION 
Input Rtqulrimtnti 

Relay Coils 

These coils are normally pulsed using word drivers, 
channel drivers and a power supply switch under pro- 
gram control. If they are switched otherwise the fol- 
lowing data can be used: 



Resistance: 


675 Q + 10% at 25°C 


Turns: 


4220 


Must Operate: 


6. 8 mA (28 A. T. Nominal) 


Must Release: 


6.8 mA 


Max voltage at 35°C: 


35V 


Max dissipation at 35°C: 


1.75W 


Coil rise: 


14°C per watt 


Current (mA) : 


12.7 18.7 30.5 54.2 


Operate time (msec): 


1.6 1.4 1.3 1.2 


Series dioae drop: 


approx. 0. 7V 


Resistor Network 





Nominal input voltage is 28V dc. Any change in input 
voltage causes the same percentage change in the output 
current. The maximum current drawn from the power 
supply when using the 80-0-80 mA range occurs at full- 
scale output and is 28V/ (326 + R L ) where Rl is the 
load resistance including line resistance. If Rt = 0, 
the current is 85.4 mA, which is also the maximum out- 
put current. To go to the 10-0-10 mA range, additional 
resistance is inserted in series with the load and the 
maximum current is drawn from the supply when the out- 
put is about 55% of the full-scale, and is about 31 mA, 
assuming a short circuited load. Beyond 55%, the cur- 
rent decreases again until at full-scale it is 



28 



(256 + 2470) 



Type: 



Clare HGSM 5235 (1142 for 
reversing) 



or about 11 mA, which is the output with zero load (in- 
cluding line) resistance. 
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FIGURE 1. BLOCK. DIAGRAM 
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Output Requirement! 

For the 80-0-80 mA range, the load is connected to X3 
(+) and X2 (-). Two, 35 ft current limiting resistors 
on the card are in series with the load to avoid damage 
in case of connection errors. If the power supply has 
negligible internal impedance, the switched resistors 
can be considered connected in parallel when calculat- 
ing the resistance as seen by the load. Thus, the load, 
which may be a magnetic amplifier winding, will see a 
constant resistance regardless of the output level. All 
the switched resistors in parallel equal about 256 ft. 
The total resistance as seen by the load is 256 + 2x35 = 
326 n. 

To use the 10-0-10 mA range, additional resistance (2- 
1200 ft) is inserted in series with the load when connect- 
ing to the 10-0-10 mA output terminals X9 (* ) and 
X7 (~). This raises total resistance seen by the load 
to about 2730 ft. 

Note the output is linear, that is the steps are even, re- 
gardless of load. Also note that a single power supply 
is used and reversed polarity output is obtained by 
switching the load leads. This requires the load to be 
electrically isolated. If it is not, individual isolated 
power supplies would be needed to supply reversed- 
polarity output to loads connected to a common. 

Other ranges could be achieved by varying the input 
voltage, adding series load resistance, or connecting 
the load across X3 and X7 so that only one 1200 ft re- 
sistor would be in series with the load. This would 
give a looking in resistance of 1491 ft. 



On the 80-0-80 range, the voltage needed may be deter- 
mined as the full load current times (326 + R^) where 
Rt is the load resistance. On the 10-0-10 range, use 
2656 Instead of 326. Nominal voltage Is 28V. 



Changes in input voltage are reflected directly as output 
changes. The supply regulation should be as good as, or 
better than, the desired output stability. With 3% steps, 
a 1% supply is recommended. 

CIRCUIT DESCRIPTION 

Five resistors, whose conductance is proportional to the 
binary bit they represent, are connected to the output bus. 
Their other ends are switched by relay contacts to either 
the positive or negative supply terminal which can be con- 
sidered the output common. The open circuit output volt- 
age is proportional to the conductance switched to posi- 
tive. Two other relays reverse the load on the output 
terminals to provide negative output. Two 35 ft resis- 
tors limit the current in the load circuit in case voltage 
gets connected to it by mistake. Two 1200 ft resistors 
limit the output if the nominal 10-0-10 output range is 
desired. 

Note that in outputting binary information to this card, 
the magnitude of the step must be output to bits 0-4 (7- 
11) and Is always handled as a positive number. Bit 6 
(13) can be considered as the sign bit (0 is + and 1 is -), 
while bit 5 (12) will be its complement. The bit pattern 
for a positive step 3 is 0100011 while a negative step 3 
requires 1000011. 



Contact protection is furnished across the reversing 
contacts which are the bridging type. 

power Requirements 

Input and output are generally limited by heating in the 
500 ft resistor which is rated 5W. However, the dis- 
sipation must be limited to less than this to avoid board 
damage. With 120 mA output on the bO-0-80 range, the 
dissipation would be about 1. 8W which has been found 
safe. If higher outputs are needed, they should be 
checked experimentally. 
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4A01 • HIGH SPEED ANALOG OUTPUT 



GENERAL DESCRIPTION 

The High Speed Analog Output subsystem is comprised 
of one or more 4A01 cards. Each card contains two 
analog output circuits, and can be used in slots 1 thru 
14 of a D-Panel. Each card provides high speed con- 
version of the digital input from the computer to an an- 
alog output. An application block diagram is shown in 
Figure 1. 
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FIGURE 1. APPLICATION BLOCK DIAGRAM 

SPECIFICATIONS 
Input Requirement! 

• The half-select input, 66 (n) 6 and tit (n), re- 
quires a minimum 11. OV, 4 ^sec pulse. 

• The data input (0D13 etc. ) require logic level 
signals of "zero" (1, IV max) and "one" (4.4V min). 

Output Requirement! 

• The load resistance should be less than 20 ohms 
for current output. 

Power Requirements 

• + 27V. +10% - 15%, 230 mA 

• + 10V, +0.01%. 30 mA 

• - 15V, +0.01%, 80 mA 
Output Ranee 

® -10 to to + 9. 844mA. using 6 bits for magni- 
tude (64 steps) and 1 bit for polarity (bit 13 for A0 No. 
1, and bit 6 for A0 No 2). 



Addrttilnt 

• The program would address the cards using the 
normal direct channel output instruction. 

Accuracy 

• 0. 78% of full scale. 

Speed 

The time constant of the output amplifier is 
50 jisec. The response is 50 jisec + time delay due to 
programming. 

CARD E0GE MNEMONIC BREAKDOWN 



Mnemonic 


35 Pin ELCO 


Control Winding (Pos) of 


XI 


Magnetic Amplifier No. 1 




Control Winding (Neg) of 




Magnetic Amplifier No. 1 


X2 


Feedback (Connect to XI) 


X5 


Test Point 


X6 


Ground 


X10 


+ 10V Return 


X12 


-15V Return 


X14 


+ 10V 


X16 



Control Winding (Neg) of 
Magnetic Amplifier No. 2 


X21 


-15V 


X24 


Test Point 


X33 


Feedback (Connect to X35) 


X34 


Control Winding (Pos) of 
Magnetic Amplifier No. 2 


X35 



CIRCUIT DESCRIPTION 

Each analog output card has two output circuits; where 
bits 0-6 provide one analog signal (A0 No. 2), and bit6 
7-13 provide another analog signal (A0 No. 1). The 
digital-to-analog conversion for one circuit is as follows 
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Digital Input 


Analog Output (mA) 


1000000 


-10 


1010000 


-7.5 


1100000 


-5.0 


1110000 


-2.5 


0000000 





0010000 


+2.5 


0100000 


+5.0 


0110000 


+7.5 


r— ►0111111-" 1 


+9.844 


(bit 13 or (bit 7 or 




bit 6) bit 0) 





The entire output characteristic curve is shown in Fig- 
ure 2. 




FIGURE 2. OUTPUT CHARACTERISTIC CURVE 

Each of the two output circuits can be separated into 
functional elements as shown in Figure 3 

Register Circuit 

In the register circuitry (see Fig. 4) a logical "one" 
is defined as 14. 3V and a logical "zero" is + 7. 5V . 
Under normal steady-state conditions, no voltages are 
included in the transformers and signals DO, Dl, and 
SAMPLE are logical "one' s". The NAND flip-flops 
may be in any state. 
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FIGURE 3. OUTPUT CIRCUIT FUNCTIONAL DIAGRAM 



When a 4 jisec half-select pulse is applied to terminal 
L2, transformer X15 is pulsed and capacitor C20 begins 
charging, thus saturating transistor Q (in a NAND) for 
the fir st part (n ominal i) of the 4 fisec. This grounds 
signal SAMPLE, tending to turn all the flip-flops off 
(B0 and Bl go to "one's"). Meanwhile, transformers 
XI and X2 are being pulsed. If data line 0DOO has a 
zero on it, winding 1-2 will be shorted and signal DO 
will not deviate far from + 14 . 3V, remaining a logical 
"one". Therefore, SAMPLE going to +7. 5V will deter- 
mine the final state of the flip-flop (0). 

If, however, data line OD00 has a "one" on it during 
the 4 usee half-select time, a voltage will be induced 
in winding 5-6 causing signal DO to be driven in a neg- 
ative direction until diode Dl-15 conducts, clamping 
DO 1 diode drop below + 7.5V, which is a logical "zero". 
Flip-flop out put BO is at a "one" as well as B0. How- 
ever ,_Bignal SAMPLE will return to a "one" sooner 
than DO (since XI 5 is capacitively coupled to Q) allowing 



4-2 



D4-2 

-w- 



+26V 



* r 



vs< 



□ATA SWITCHES 
IN COMPUTER 



H3 

o— 



eooi 
eooo 



D 



R2I-2 



,D4-I 







R2I-I 







R2I-I5 




SAMPLE 



NANC 



,oUL 



SAMPLE 



NAND 



N-l4.3vif~V 



5 



C20 



ft T r 



t~J— H"MdL 



XI5 



+7.5V< 



P 



I OF 2 SAMPLE 3ENERATING 
CIRCUITS FOR A 13 BIT 
REGISTER 



SAMPLE 



FIGURE 4. REGISTER CIRCUIT 



BO to go to zero and leaving the fl ip-flop i n the "one" 
state. The basic criteria is that SAMPLE must go to 
zero long enough to switch the flip-flop off and the I) 
signals, if they switch, must remain at zero long enough 
after SAMPLE returns to a "one" to insure the flip- 
flop staying on. 

Digital-to-Analog Converter Circuit 

Each digital-to-analog converter (\V5) contains: 

• one !-l>!t buffer amplifier 

• one 4-bit ladder switch 

• one 1 -bit ladder network 

The buffer amplifier network, shown in Figure 5, 



9+I4.3V 



INPUT, 
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-IOV 




contains four, isolated PNP inverter stages which oper- 
ate from common emitter and collector supply voltages. 
When used with a positive emitter supply, it can drive 
both plus and minus current to a ladder switch network. 

Ladder Switch Network 

The ladder switch network, shown in Figure 6, consists 
of four, double-throw analog switches. It is intended to 
drive the digital-to-analog resistor network. The inputs 
of the iadder network switch either to + 10V or to ground. 
It is designed to be driven from a plus and minus signal 
input such as the buffer amplifier. 
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FIGURE 6. LADDER SWITCH NETWORK 



FIGURE 5. BUFFER AMPLIFIER NETWORK 
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4-Bit Liddir Nttwtrfc 

The ladder network, shown in Figure 7, is a precision 
resistor network intended for digital-to-analog conver- 
sion. Inputs A, B, C and D are connected to the ladder 
switch which is switching either to + 10V or to ground. 
The open circuit output voltage is 1/2 the voltage at in- 
put A, plus 1/4 the voltage at B, plus 1/8 the voltage at 
C, and so forth. Thus, the resulting open circuit out- 
put voltage is a properly weighted sum of the individual 
binary bits. 



Rbias 0Ui b° adjusted for zero offset so that when ij = 
200 fiA, i 2 = 0. R 3 can be adjusted for full scale so 
that when ij = 0, i„ = -10 mA. 

A curve showing the complete input/output current re- 
lationship of the current pump is shown in Figure 9. 
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FIGURE 7. LADDER NETWORK 
Current pump 

The current pump, shown in Figure 8. consists of an 
operational amplifier, a current booster circuit (B), 
and three resistors. It is designed to operate as follows: 




FIGURE 9. CURRENT PUMP INPUT/OUTPUT CURVE 




FIGURE 8. CURRENT PUMP DIAGRAM 



when 



*1 



■10mA: 



when 



J l 
'2 



200 nA, 
0: 



when 



i, = 



400 nA, 
+ 10 mA 



4-4 



5A0I 



M73- 



35 



4^- 
I 
en 



3 



O- 6 

o- 
o- 
o- 
o 



W5-A 



H R2QI ) C 



- i RB-i ~~t - - \ Rail h 



0-6 

O- 

O 

O- 

O 




W5-B 



-o 
-o 
-o 

-o 

-o 



C-l 



-t 



CI2-I 



> 



■ 


1 
<0 


tfi 


f^ 


to 




i 
00 


s 






T 


a: 


a: 


cr 






! 


1 


1 


1 



C-2 



R50-2 



R50-I 



rla-L 



,o 



E^Zh 



ooov 



W5-C 



-o 

-o 
-o 



C-3 



11 



C-4 



<\l 



- I c.2 1 - TTYT 



M73-2 




W5-D 



R50-3 



Ml 5-2 



- Zl 1-2 j - - 



R50-4 



o] foi o 

S C: v ( J a — I r> 



*ot ol fo6 " O 

o Xi~6 -j jo Xi-5 o 




-^EH 



1 1 1 


I 


1 


cjojo 


a 


o 


I ! r 


1 


! 



■- 




- 1 


->» 






c! 


o 


XI- 


-8 oj 


>o 


XI- 


-7 


o 


o 




6oj 


o 






IO 



Ol 




o 


o 


XI- 


-10 o 


o 




60 



06 O 

° XI-9 o 



t-35- - ID -36 — 
-37- -Jd-38- 




- | R2I-I2 h 

R2I 14 \ - 
- { w?l I S } 



Ol 

°XI- 
o 



06 
oXI- 

O IO 



o 




o 


o 


XI- 


-l4o 


o 




60 



joXI-13 o 



!A - 1 \- 



-fD^3 fr- 



06 O 

°XI-I5° 



R56-I 



R56 



i i i" i" r 



T" ! I I 





r^ 


pb 


CM 


oj 


IO 




l£ 




cr 






T^ 


1 



A- 



V 



¥ 



18 



FIGURE 10. 4A0I AJJEMBtr (REF. DWG. 645A338, Jl/6 2) 



4 MS 




tec rarfctf ra?t*fc# n 



^5 -4P^i3 5^^h(J$. 

5 r-^ftuuu^l' rmJl' 



4 XI 1 






-vaaS' 







ANALOG OUTPUT NO 



ANALOG OUTPUT NO. 1 



MOTE'S. 



*J A,6 c.C.E r 5n Hmio TO+ T.9VV — A'i-M,4,K S LM 1 M,P £ R "Ptr» io ID + 1.S v6 
JU- fc,£.- '. E,F ?4 -Pin 4. TO + U S ;». 
(lj''( .• \ P <R-P(N <■ To n*.J v 8 

* D-i " r >:' >«T »<»t item >9 3* o^i B1S*.»;8- \f. 

* C-i t,i«u -r-i /k*fc |TBM IB or bwfc 6*i»-M8 /. -• ki. 
//I -OEF a*i tb'AlOO 

N5 REf. D*j* 44.9A&OI 
Ml »t» Do*. T74A9W 



F/GVRE M. 4A0I SCHEMATIC (REF. DWG. 
3970504 SUB 2; 

4-7 



4AP1/4AP2 - ANALOG POINT SELECTION MODULE 



GENERAL DESCRIPTION 

The Analog Point selection module contains 14 iden- 
tical relay circuits and one bus-guard relay circuit 
which are used to connect a selected analog input 
point to the voltage-to-frequency converter. The 4AP2 
card differs from 4AP1 card by having a high output 
impedance voltage source connected across the PLUS 
and MINUS busses used for open input circuit detection. 
An application block diagram of the Analog Point se- 
lection card is shown in Figure 1. 
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FIGURE 1. APPLICATION BLOCK DIAGRAM 

CIRCUIT SPECIFICATIONS 
Input Requirements 

Thr word driver input WD (n) requires a conducting 
path to the - 10 V power supply if the word is selected. 

The channel driver input CD (n) requires a conducting 
path to PSC if the channel is selected, otherwise it is 
- 26 V. 

The channel driver bit inputs, CD (n) bits through 13, 
require a conducting path to PSC if a bit is selected, 
otherwise there are - 26 V. The analog inputs are 
D. C. voltages either in the 0-50 mV range or in the 
0-5 V range. 

The guard is to be connected to the shield of the analog 
input signal. 



Output Requirements 

The PLUS, MINUS and GUARD outputs are physically 
connected to the selected analog input. These are to 
be connected through the analog bus to the input of the 
voltage-to-frequency converter. 

Pewer Requirements 

For the 4 API module, no connection to any power 
supply is required. For the 4AP2 module, connections 

to + 26 V and PSC are required. 

CIRCUIT DESCRIPTION 

Figure 2 shows the bus and guard relay circuit and one 
of the 14 input relay circuits. The figure also shows 
the connections to the analog input subsystem. When 
word WD (n) is selected the word driver SCR is turned 
on and provides * 10 V to the common of the relay coils. 
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FIGURE 2. BUS, GUARD AND INPUT RELAY CIRCUIT 
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When channel CH (n) is selected, the channel driver 
SCR' s are turned on (only one bit should be selected 
out of the 14) which now provide current to PSC through 
the power supply switch for the guard relay (M10-16) 
and one of the point relays (M10-1). The guard relay 
contact, after a small time delay, will then energize 
the bus relay (M10-15). 

Since all the point relays, bus relays and guard relays 
are mercury-wetted contact type, the input point relay 
contacts and guard relay contacts will close first, then 
the bus relay contacts. When the power supply switch 
opens the SCR' s cut off and the relays drop out. The 
time sequence of operation is shown in Figure 3. 



The 4AP2 module contains exactly the same circuits as 
the 4AP1 module, except that a high output Impedance 
voltage source is connected across the PLUS and MINUS 
busses. This voltage source generates a -50 mV signal 
which is recognized by the computer as an open circuit 
indication. 

The voltage source Itself (ref. 4AP2 module schematic) 
consists of an oscillator which is energized by the + 26 
Vdc supply. This oscillator Is transformer coupled to 
a rectifier circuit, which Is producing the required 
SO mVdc signal. 



sc 

TUP» 
( 


us 

ON 


2 


3 


4 


9 


SCO'S 

Turn OFF 

1 

to «• 


2 


1 


4 


POINT CONTACT OjOSCD 
CUAHO COKHCT CLDBD 

■us comer cuxco 












































~- 


~ — 











FIGURE 3. SEQUENCE OF OPERATION 
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FIGURE 4. 4API ASSEMBLY (REP. DWG. 74 J A3 13, SUB 2) 
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FIGURE 5. 4A*M SCHEMA 77C (REF. DWG. 743A313. SUB 2) 
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F/GURE 6. 4AP2 ASSEMBLY (REF. DWG. 743A3IJ, SUB 2) 
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FIGURE 7. 4AP2 SCHEMATIC (REF. DWG. 74JA3J3, SUB 2) 



2AT3/2AT1/1SR1 - WORD AND CHANNEL TRAP 



GENERAL DESCRIPTION 

The basic principle of operation is to sense (as an an- 
alog voltage) the state of each word and channel driver. 
It is expected that one (or less) channel driver and one 
(or less) word driver per V/F converter, will be con- 
ducting at any time. Thus, five detector circuits 
measure the analog summation of voltages produced 
by these drivers. Should the expected summations be 
exceeded, multiplexer disabling and fault interrupt 
results. 

CIRCUIT DESCRIPTION 

The only difference between the 2AT3 and 2AT1 is the 
value of resistors R26-3 and R53-2. However, circuit 
operation is identical. Resistor-diode summing cir- 
cuits (1SR1 card) are provided for connection to the 
respective driver SCR's. This configuration is shown 
in Figure 1. 
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FIGURE 1. WORD AND CHANNEL TRAP CONFIGURATION 

The detectors (on 2AT3) monitor current provided by 
the summing resistor networks, that causes, a reaction 
when any of the five possible currents (channel, word 
group #1, word group #2, word group #3, or word 
group #4) exceed a level greater than was expected to 
be produced by a single conductive SCR. The detectors 
are emitter-coupled differential amplifiers with par- 
alleled outputs. 

Noise rejection is aided by, a zener diode threshold 
followed by a filter and a common emitter switch am- 
plifier, which further processes and amplifies the 



detector output signal. This circuit then drives an SCR 
relay puller that forms a sort of last line of defense by 
the "KILLER RELAY" which physically interrupts the 
matrix input current by opening series, normally-closed 
contacts upon failure detection. Reset of this circuit 
can occur only upon manual removal of either the 2AT3 
card or the AC card, or upon normal power supply 
switch operation on the AC card. 

Normally, failure detection causes a mono-stable multi- 
vibrator (on 2AT3) to trip, causing a fault interrupt 
signal to be initiated and simultaneously generate the 
power supply switch override signal to the analog con- 
trol (AC) module. For nominal AC card behavior this 
signal will disable the power supply switch, again 
cancelling existing word and channel driver activity. 

Since this action is faster than either the point relays 
or the "KILLER RELAY", all relays are prevented from 
picking up. However, if the power supply switch is not 
nominal, the "KILLER RELAY" will operate as describ- 
ed previously. 

The estimated maximum tolerable time from trip until 
Fault Interrupt action (i. e. . setting of the correspond- 
ing ckt. core) is approximately 1/ 2 ms. 

NOTE 

No contact protection is provided for the 
"KILLER RELAY" and for that reason, be- 
cause point relay damage may have been 
sustained whenever the fault was cleared 
solely by "KILLER RELAY" operation, it 
is recommended that these contacts be care- 
fully inspected prior to restarting under such 
conditions. This will be recognized as a 
complete disabling of the analog multiplexer 
with the "KILLER RELAY" continuously 
picked-up. 

The effect of either of the modes of failure behavior 
discussed previously is, unfortunately, related closely 
to the type of failure and when it occurred in the cycle. 
It is doubtful if this failure can be adequately predicted. 
Accordingly, the analog input programs should expect, 
upon receiving an analog Fault Interrupt, that the pre- 
vious converted input quantities are suspect, as are 
subsequent quantities. It is possible for more than one 
seemingly valid analog completion interrupt to occur 
incorrectly. It is at this point that the programs should 
abort current scan operation and, after a delay of more 
than 35 ms, scanning can be reinitialized. 
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FIGURE 2. 2AT3/2AT1 ASSEMBLY (REF. DWG. 743AJ94, SUB 6) 
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FIGURE 3. 2AT3/2AT1 SCHEMATIC (REF. DWG. 743A394, SUB 6) 
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FIGURE 4. 1SR1 ASSEMBLY (REF- DWG. 74JA395, SUB 1) 
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FIGURE 5. 1SR1 SCHEMATIC (REF. DWG. 743A39S, SUB H 
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FIGURE 9. 2CB7 2CB9 ASSEMBLV IREF. DWG. 743A356, SUB 10) 
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F/GURE JO. 2CS7/2C89 SCHEMATIC (REF. DWG. 743A356, $1>B 10) 



CONTACT INPUT BUFFER MODULES 



2CB4 
2CB r > 
2CB6 
2CB7 
2CBH 



General Description 

The module is used to input 14 bits of data from contacts or switches to the I/O inter- 
face. The module contains 14 identical transformer isolation circuits and a common 
trigger output circuit. 
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Figure 1 

The module type suffix denotes various input filter options to accommodate standard 
pawer supply voltages and switching arrangements. 



2CB4 
2CB5 
2CB6 
2CB7 
2CB8 



48 Volt, standard filter 
26 Volt, non-filtered 
125 Volt, standard filter 
48 Volt, low energy filter 
26 Volt, data link filter 



13. Circuit Specifications 

I. Input Requirements 

a. Inputs from contacts or switches 

The inputs to the module from the contacts or switches are either a d.c. voltage 
level or zero volts. The presence of the voltage produces a "one" input to the 
input interface while zero volts produces a "zero" input to the input interface. 
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Nominal 




Voltage 


Inrush resistance/bit 


48 


13K 


26 




125 


43K 


48 


65K 


26 


511 



The nominal magnitude of the input voltage level at the module and the inrush re- 
sistance of each bit of the modules are: 



Module Type 

2CB4 
2CB5 
2CB6 
2CB7 
2CB8 

b. Inputs from Channel Half Selects 

The half select winding (Row HS and Col HS) require a minimum 11 volt, 4 micro- 
second pulse. 

2. Output 

a. Output to I/O interface (input data) 

The data output is a minimum 6 volt, 4 microsecond pulse to the I/O interface. 

b. Output to power supply switch trigger 

The output is clamped at approximately at a one volt level until the power supply 
switch is reset. 

3. Power 

The only power connection required by this card is the negative side of the 48 or 125 
volt power supply. 

Circuit Description 

1. Data (2CB4, 2CB6 and 2CB7 modules) 

Figure 2 illustrates one bit of the 14 bit data buffer register. 

Transformer: 

Winding 5-6 is primary, N turns 
Winding 3-4 is secondary, N turns 
Winding 1-2 is tertiary, 2N turns 

Filter 

Type RA RB CA 

2CB4 13K 5K . 5 mfd 

2CB6 43K 5K . 5 mfd 

2CB7 65K 25K . 1 mfd 
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When the remote contact closes, a voltage across capacitor CA will build up as de- 
termined by the component values of RA, RB,CA. When the remote contact opens, 
the voltage across capacitor CA will decay as determined by the component values 
of RB and CA. 

When the channel half select circuits are energized, the transformer primary wind- 
ing and series IK resistor will have an applied pulse of about 4 microseconds dura- 
tion and 12 volts magnitude. The energy available from the primary winding will be 
"auctioneered" to either the secondary or tertiary windings, depending upon their 
relative impedances. I f the capacitor CA is charged, the tertiary winding appears 
as a high impedance and most of the pulse energy is available at the secondary wind- 
ing to supply an output pulse. When the capacitor CA is discharged and acts like a 
short circuit across the tertiary winding, the pulse energy will be transferred to 
the tertiary winding and absorbed in charging the capacitor. There will now be 
sufficient voltage across the secondary winding to produce a "one" signal to the 
pulse output circuit. The IK resistor in series with the primary winding provides 
current limiting. The diode DB prevents a negative pulse output on inductive fly- 
back. 

2. Data ( 2CB5 Module) 

Figure 3 illustrates the input portion of one bit of the 14 bit data buffer register. 
The transformer primary and secondary circuits are the same as shown in Figure 
2 . 

The operation is similar to that described for the 2CB4, 2CB6 and 2CB7 modules 
except that the impedance on the tertiary winding is dependent upon the state of SCR. 
When the SCR is blocked, diode DA is reversed biased the tertiar v winding a nr >ears 
as a high impedance, and an output pulse is generated. If the SCR is conducting, 
the tertiary winding is essentially shorted and no output pulse is generated. 
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3. Data (2CB 8 Module) 



Figure 3 



Figure 4 illustrates the input portion of one bit of the 14 bit data buffer register. 
The transformer primary and secondary circuits are the same as shown in Figure 
2. 
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The operation is similar to that described for the 2CB4, 2CB6, and 2CB7 modules. 
The difference is that the voltage across capacitor CA is controlled by the state of 
SCR. The time constant for charging the capacitor is influenced by the value of the 
external resistor R. 



4. Control 



The module contains a transformer isolated SCR used for detection of selection of 
the module channel half select circuits. When the transformer primary windings 
are pulsed, the detector SCR turns on. The SCR must be turned off by remote 
circuits. 

Note that all of the 14 data transformer primary windings and the SCR transformer 
primary windings are pulsed at the same time. 

The schematic diagrams for the 2CB series are included with this description. 
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4CD1 - CHANNEL DRIVER MODULE 



GENERAL DESCRIPTION 

This module (CD) is used to provide a 14 bit channel 
driver output to the I/O subsystems. It contains 14 
identical SCR circuits and one gate triggering circuit. 
An application block diagram is shown in Figure 1. 
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FIGURE 1. APPLICATION BLOCK DIAGRAM 

CIRCUIT SPECIFICATIONS 

Input Requirements 

The half-select inputs. 00 (n) and (n). require 
;i minimum 1 1 V. 4 us pulse. 

The data inputs (OD13. etc. ) require logic level signals 
of "zero" (1. 1 v max. ) and "one" (4. 4 V min. ). 

Output Requirements 

i'he driver output (CD (n) Bl.'i. etc.) requires a "zero" 
tor selected bit and a "one" for unselected bits. 

CI) (n) com mon is normally tied to PSC through the 
power supply switch, to reset the SCR circuits, this 
must be opened for a minimum of 150 u.s. 

Power Requirements 

2(> Y is required for card operation. 

CIRCUIT DESCRIPTION 

K.ioh of the 14 bits of the channel driver consists of an 
'-"CR with a zener diode threshold in the gate circuit and 
a three winding gate trigger transformer. In addition, 
there is another SCR on the card which senses the sel- 
ection of the channel and sends a trigger to the power 
supply switch (CD (n) TRIG). Figure 2 shows the dia- 
gram of one channel SCR and associated circuitry. The 
connections to the power supply switch are shown in 
dotted lines. 
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FIGURE 2. ONE CHANNEL SCR CIRCUIT 

Initially the output transistor of the power supply switch 
is saturated (conducting heavily) so that if a positive 
trigger pulse is applied between the gate and the cathode 
of Sl-1, the SCR will conduct. 

The gate circuit consists of zener diode Z7-1 in series 
with the secondary winding (.'!-4) of the trigger trans- 
former. The tertiary winding (1-2) of the trigger trans- 
former is connected through diode D7-1. When the in- 
put is a logical "one" diode 1)7-1 is reversed biased 
which open circuits the tertiary winding. If the input 
is a logical "zero", D7-1 is grounded which shorts out 
the tertiary winding. 

It can be seen that when a pulse (channel half-select 
(Ifl (n) and 0)5(1 (n) ) appears across the prima r\ 
winding (")-(>) the logic level of the input line will de- 
termine the voltage on the secondary (.'!-■!). 

With the input a logical "one", the secondary (.'1-4) will 
have a voltage induced in it which triggers Sl-1 and 
drives its output to a logical "zero". This occurs lie- 
cause ■» 26 V tied to R22-1 will conduct through the 
power supply switch to PSC. 

With the input a logical "zero", no voltage will lie in- 
duced in the secondary, the SCR will not conduct and 
therefore the output will remain a logical "one". 

The zener diode in the gate circuit is needed since the 
tertiary winding is never completely short circuited. 
Losses in diode drop and transistor saturation drop ac- 
count for a small pulse across the secondary winding 
when the input is a logical "zero". When the input is a 
logical "one" and the particular channel is selected, the 
SCR's will be triggered in response to the half-select 
pulse. The SCR will remain in the conduction state 
until the power supply switch turns it off. 



The operation of the circuit is explained as follows. 
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FIGURE 3. 4CD; ASSEMBLY (REF. DWG. 743A39I, SUB J) 
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FIGURE 4. 4CD1 SCHEMATIC (REF. DWG. 743AJ9J, SUB 3) 



5CL1 - CALIBRATOR MODULE 



GENERAL DESCRIPTION 

This module is used in the analog input subsystem to 
provide accurate voltage references for system cali- 
bration, RTD measuring circuits for measurement of 
the thermocouple cold junction temperature, and a 
power supply switch circuit used in conjunction with 
the span driver circuits (see SB module). An appli- 
cation block diagram is shown in Figure 1. 
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FIGURE 1. APPLICATION BLOCK DIAGRAM 

CIRCUIT SPECIFICATIONS 

Input Requirements 

The channel 1 fi half-select input requires a minimum 
11 V. 4 ^s pulse. 

Bit 7 input requires a logical "one" if selected and a 
logical "zero" if not selected. 



Power Requirements 

Connections to + 26 V and PSC are required. 
CIRCUIT DESCRIPTION 

Since the 5CL module contains 3 functionally independent 
circuits, each of these are described separately. 

Voltage Reference Circuit 

The circuit diagram of the voltage reference circuit is 
shown in Figure 2. 
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FIGURE 2. VOLTAGE REFERENCE CIRCUIT 



The RTD inputs require a 100 ohm, 3 wire RTD con- 
nection. 

Output Capabilities 

The reference voltage outputs provide analog voltage 
signals of: 



v o = 0.0;j!)s7 
V - 4.42G8 



n. 019; 

0.017) 



The RTD bridge outputs are 0-50 mV analog signals. 

The power supply switch output is normally clamped to 
PSC. 

The maximum current that can be carried by the switch 
is S50 mA. After the trigger signal the switch opens 
for a period of 100 us. In the non-conducting state the 
output is at - 26 V. 



The incoming power supply voltage (+ 26 V) is fed to a 
voltage regulator, M36-1, which is a voltage clipping 
circuit containing zener diodes. Since the voltage refer- 
ence divider circuit. R72-1, R72-2 and R86-1, and the 
load of the RTD bridge circuits constitute a constant 
load, the voltage V (measured between test points TP 
(t ) and TP (-) will be a stable reference voltage. This 
voltage is adjusted by potentiometer M18-1 to 8.8138V 
using a standard cell. 

The reference voltages, determined by the resistance 
values of R72-1. R72-2 and R86-1, are V, = 4.4268V, 



V„ 



0.03987V. 



These voltages are used to check the accuracy of the 
V/F converter. 

RTD Bridge Circuits 

There are four, identical RTD bridge circuits on the 



9-1 



5CL card. These circuits are used to measure the tem- 
perature of the thermocouple cold junction boxes. Since 
each cold Junction box contains 2 RTD's, the 5CL card 
provides for measurement of 2 cold junction boxes. 

The circuit diagram of one RTD bridge circuit is shown 
in Figure 3. 
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FIGURE 3. RTD BRIDGE CIRCUIT 

The same voltage (V) as used for the voltage references 
lsused as supply voltage to the RTD bridges. Since resis- 
tors R73-1 and R73-2 are much greater than the RTD 
resistance, the HTD resistance variation has a negligi- 
ble effect on the bridge load, si ;his :an be ;o isirierrd 
constant. If a bridge circuit is not required for RTD 
measurement, a dummy load R15-1 is connected in 



place of the RTD. The output of the RTD bridge is con- 
nected as an analog input. The bridge output depends on 
the resistance value of the RTD. For example: 

at RTD = 138 ohms, E out = OV 
at RTD = 188 ohms, E out = 50mV 

Pawtr Supply Switch 

This circuit is a simplified power supply switch for the 
span driver circuits on the SB card. 

Figure 4 shows asimplified schematic of the power sup- 
ply switch transistor and is normally turned on as long 
as bit 7 of the span data word is a "zero". Winding 1-2 
of Xl-1 Is shorted and no coupling can occur to winding 
5-6 when the channel driver is pulsed. Under these 
conditions T6-1 is turned off and held off bythe clamp at 
point "A", and T6-2 and T7-1 are turned on. S2-1 at 
this time will be turned off. 

If bit 7 is a "one" and Xl-1 is interrogated, point 5 of 
Xl-1 will go positive and turn on T6-1. When T6-1 is 
turned on, the base of T6-2 forced to ground. T6-2 
and T7-1 will turn off and the clamp at point "A" is 
removed. At the same time, C4 begins to charge, and 
when it charges sufficiently, S2-1 turns on and forces 
the base of T6-2 to a positive value so tliat To- 2 and 
I 7 — 1 again turn on. As soon an T6-2 aims on, point 
"A" is agair. clamped to ground ana T6- 1 :s turned off. 
The power supply switch T7-1 tunw off for a period of 
lime determined by the charge time ot C4. 
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3CM2/3CM3 - CONTACT INPUT MULTIPLEX MODULE 



GENERAL DESCRIPTION 

The :iCM2 and ::CM.'! modules are used to muliiplcx 
prucesj contacts to the input s\stem. Those modules 
contain two identical relav and diode isolation circuits. 
An application block diagram is shown in Figure 1. 



Output Requirements 

When the contacts close for .'1CM2 the 48 or 125 Vdc ivi 
be presented to I he outputs at less than 100 fi im- 
portance. For.'iCM:!, ir>V will be presented to the out- 
puts at less than 2. - > n. 
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FIGURE 1. APPLICATION BLOCK DIAGRAM 

CIRCUIT SPECIFICATIONS 

Input Requirements 

The coil has a resistance of f,7."> [>. and has Y2(Hi turns. 
The minimum i efpii rements fi.r pickup arc -.r,\' al 
I 1 . H m V. The contacts vill close ." msec alter the 
l'< H I is ( ■iiers/Jyed. 



Power Requirements 

• 2f>Vdc from I/O power supply. 

• 1G. Is, or 125Vde from l/( ) system buss for 
process contacts. 

CIRCUIT DESCRIPTION 

When either of the two coils are selected, its contacts 
will close :i msec later and this applies the lfi, 4s, or 
12:"iVdc to the process contacts through the isolation 
diodes. These diodes are necessary to prevent sneak 
paths. 
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2C01/2C02 - CONTACT OUTPUT MODULE 



GENERAL DESCRIPTION 

Hie 2C01 modulo holds the contact output relays usod 
in the CCO subsystem. Each card holds 7 relays, so 
- cards arc required for each 1 i-bit relay register. 

I'he card also has 7 suppression diodes, one for each 
rela\ and 7 isolation diodes. Figure 1 shows how con- 
tact output modules arc used in the CCO subsystem. 
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FIGURE 2. RELAY CONTACT SUPPRESSION NETWORK 



At GO Hz the leakage impedance is approximately 28. ."ilio 
ohms. At higher frequencies the impedance may be cal- 
culated using the following formula: 



Z (OHMS) 




FIGURE 1 APPLICATION BLOCK DIAGRAM 



u here 



Note that even in a dc circuit the RC network will pre 
sent a low impedance to high frequency components 
which may be caused by noise. 



CIRCUIT OPERATION 

l'h( relays on the contact output module arc long life. 
bounce free, high speed mercurv wetted t\pe. Thev 
arc magnetically biased for bi-stable operation and 
have Form D (make before break) contacts with a 
bridging time of .ipproximalelv 100 jisec. 

The re lav s are composed of a hermetiealh Sealed, inert 
gas pressuri/ed switch capsule of glass which is sur- 
rounded b\ a double wound operating coil. The capsule 
is potted m a high melting point wax and enclosed in a 
container which has provisions for printed circuit board 
mount nig. 

Figure 2 shows the contacts of one CCO relay with the 
KC contact suppression network. Figure .'! illustrates 
i he range of safe operating loads which can be tolerated 
without additional, external contact suppression. Re- 
liable, long life operation will result if the current 
through the contacts just prior to opening, and the peak 
voltage across the contacts as they open, both lie within 
the shaded area of Figure 3. 

When using CCO relay contacts to control ac devices, a 
small amount of leakage current due to the RC suppres- 
sion circuit will be present when the contacts are open. 




> 

o 



'///////////I 

SAFE OPERATING ' ' 

LIMIT PROVIDED 
BY CONTACT 
SUPPRESSION CIRCUIT 




VOLTAGE ACROSS CONTACTS AT RUPTURE (VOLTS) 



4— ft. 



FIGURE 3. RANGE OF SAFE OPERATING LOADS 



The 2C02 module is identical to the 2C01 module except 
that the RC contact suppression circuit is not included 
This module is not used in the CCO subsystem since the 
lack of contact protection results in poor contact life. It 
is used only in computed data link circuitry. 
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4CT1 - COUNTER MODULE 



GENERAL DESCRIPTION 

This module is used to provide a 14 bit binary counter 
with output buffer stages for counting the voltage-to- 
frequency converter output pulses in the analog input 
.subsystem. The module contains 14 identical counter 
elements, each being connected to an output buffer. An 
application block diagram is shown in Figure 1. 



In addition to the counter and buffer stages the card 
contains zener diode power supplies for the NAND gates 
in the modified NAND circuits and clamping voltages for 
the coupling network circuits. In addition to these zener 
diode supplies, a 6 V unregulated potential divider supply 
is provided for the NAND gates within the slow NAND 
packages. 
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FIGURE 1. APPLICATION BLOCK DIAGRAM 



CIRCUIT SPECIFICATIONS 

Input Requirements 

The input to the counter requires a Pulse (PSC) for 
advancing the counter. The maximum pulse rate is 1 
Mllz. The reset input requires a logical "zero" (PSC) 
for resetting the counter. 

Output Capabilities 

The output provides a conducting path to PSC for bits 
which are "zero" and a blocked path to PSC for bits 
which are "one". 

Power Requirements 

• 26 V. MV, 450 mA max. 

CIRCUIT DESCRIPTION 

Each counter stage consists of two NAND gates con- 
nected in a flip-flop fashion and a capacitive coupling 
network (CC). The complement of the output is ob- 
tained at Pin 11 of the modified NAND package and is 
connected to the output buffer stage which is a NAND 
jiute contained in a slow NAND package. The feed-for- 
ward signal is obtained at Pin 12 of the modified NAND 
package and it is fed to the input of the following stage. 
The input to a counter stage is at Pin 3 of the coupling 
circuit (CC). The output of the buffer stage goes to the 
cathode of a coupling diode. 




T«OiF 



fO DUAL *AN0 IMN1 



FIGURE 2. COUNTER CIRCUIT - SINGLE STAGE 



The circuit diagram of a single 6tage of the counter is 
shown in Figure 2. Assume that transistor T14-1 is 
conducting and transistor T14-2 is blocked. Because 
of the flip-flop connection, the base of transistor T14-2 
is pulled to ground (PSC). The base of transistor 
T14-1 is at a positive potential, determined by the 
voltage drop on resistor R4-1, as the current path 
from + 6V (Pin 4) to PSC will be through R3-1, Dl-.i, 
Dl-6 and R4-1. 

Capacitor Cl-2 will be charged so that its terminal 
toward the base of transistor T14-1 will be negative 
with respect to the terminal facing the input to the 
counter. 
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4DE1 - DOCUMENT CHANNEL DRIVER 



GENERAL DESCRIPTION 



Output Capabilities 



The 4DE1 document channel driver card is used as the 
data buffer between the I/O interface and the paper tape 
punch interface panel. The module contains nine buffer 
circuits to hold computer output data and nine current 
amplifiers to drive the tape punch solenoids. The con- 
trol circuit on the module synchronizes the transfer of 
the nine stored data bits to the punch solenoids. The 
block diagram in Figure 1 shows the application of the 
IDE1 card in relation to its associated equipment. 

CIRCUIT SPECIFICATIONS 

Input Requirements 

• Data output from I/O interface; a logic "zero" 
of 1. IV maximum, and a logic "one" of 4.0V minimum. 

• Channel select pulse of 11. 0V minimum for 

I Usee. 

• Punch feedback trigger pulse of H.OV minimum 
peak-to-peak. 



• Interrupt to computer of +28V dip to 0V for a 
minimum of 180 usee. 

• Data to tape punch solenoids via a 1A nominal 
current which energizes the solenoids. 

• Motor control via a 28V return signal. 
Power Requirements 

The 4DEI card receives power from the + 28Vdc, 7A 
power supply in the punch interface panel. 
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For descriptive purposes the schematic has been divi- 
ded into 3 circuits which are shown in Figures 2, 3 and 
4. The complete schematic (dwg. 845A331, sh. 8) is 
included as part of this document. 

The circuit in Figure 2 contains a pulse shaping network 
and one memory element. Transistor T24-12 and its 
base circuitry is the pulse shaping network (network 1) 
while SCR SI -10, with its gate and cathode circuitry, 
make up the memory cell. The input to network 1 is 
the feedback pulse from the tape punch magnetic pickup 
coil; the output is a current pulse from the collector of 
transistor T24-12. The inputs to the memory cell are: 
the current pulse output of network 1, SCR Sl-9' s gate 
drive\ and transistor T7-l's base drive. The memory 
cell output is SCR Sl-10' s anode current. 

The quiescent conditions of the circuit in Figure 2 are: 

1. SCR Sl-9 and SCR Sl-10 are in the non-con- 
ducting mode. 

2. Transistor T7-1 is saturated. 

The sequence of events for activating this circuit are: 

1. Computer output data sets SCR Sl-9 by apply- 
ing gate drive. 

2. "Trigger Input" arrives and sets SCR Sl-10 by 
applying gate drive through transistor T24-12. 

3. Transistor T7-1 is switched from saturation 
to cut off by depriving T7-1 of base drive. 

4. SCR Sl-9 and SCR Sl-10 are switched off by 
interruption of their current path to ground (T7-1 is 
cut off for 180 jxsec). 

During periods when the circuit is not cycled by com- 
puter output data, it will ignore incoming "trigger in- 
put" pulses. 



A second function of this circuit ia to prevent data loss 
by ignoring "trigger input" pulses until the tape punch 
motor is up to approximately 75 percent speed. Since 
the minimum voltage input to saturate transistor T24-12 
is 3. 0V, and the voltage amplitude of the "trigger input" 
is dependant on the tape motor speed, the circuit acts as 
a voltage tachometer whose output is zero below 75 per- 
cent motor speed and full current above 75 percent 
motor speed. 
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FIGURE 2. PULSE SHAPING NETWORK & 1 MEMORY CELL 

Figure 3 shows a unijunction transistor timing circuit 
used in a time delay configuration. The input to this 
circuit is current through resistors R66-14 and R19-24; 
the output is a ground potential on transistor T5-1' s 
collector for approximately 180 usee. 

The quiescent conditions of this circuit are: 

1. Transistor T24-11 is cut off. 

2. Unijunction transistor S2-1 is non-conducting. 

3. Transistor T5-1 is cut off. 

The sequence of events for activating this circuit are: 

1. Transistor T24-11 is switched from cut off to 
saturation by base drive current in resistors R66-14 
and R19-24. 
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'-. After a time delay of 4.5 msec, unijunction 
transistor S2-1 saturates for approximately 180 usee, 
thus biasing transistor T5-1 into conduction for the 
same time period. 

3. Transistor T24-11 is deprived of its base drive 
and is cut off. 

4. The delay time of 4. 5 msec between the input 
and output is controlled by the RC time constant of 
capacitor C32-1. resistor R66-12 and potentiometer 
M12-1. Resistor R30-1, resistor R27-1 and diode 
D-14 insure that all time delays between input and 
output are of equal value. Resistors R52-1 and R12-1 
provide the correct impedance for the 180 jisec inter- 
rupt input signal to the computer. R82 provides a path 
tor the leakage current of T24 during cutoff. 
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FIGURE 3. UNIJUNCTION TIHINING CIRCUIT 

The circuit in Figure 4 consists of three current switch- 
es and a data buffer. The circuit holds computer out- 
put data, current amplifies it and outputs this data to 
the tape punch solenoids. Inputs are: a positive 28V 
on the anode of diode D-21, a ground potential on the 
anode of diode D-10. and an open circuit across ter- 
minals H9 and LI accompanied by an 11. 0V, 4. usee 
pulse across terminals L2 and H3. 



The quiescent conditions of this circuit are: 

1. Transistor T24-10 is saturated. 

2. Transistor T7-1 is saturated. 

3. SCR Sl-1 is non-conducting. 

4. Transistor T24-1 is cut off. 

The sequence of events for activating this circuit are: 

1. Computer output data sets SCR Sl-1. 

2. Transistor T24-10 is cut off. 

3. Transistor T24-1 is saturated and pulls current 
through the tape punch solenoids. 

4. Transistor T7-1 is cut off interrupting the cur- 
rent path to reset SCR Sl-1 and cut off the current to the 
punch solenoids. 
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FIGURE 5. 4DE1 ASSEMBLY (REF. DWG. 845A331. SUB 3) 
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1PL4/1PL5 - PHASE LOCKED OSCILLATOR 



GENERAL DESCRIPTION 

The phase locked oscillator card is used in the analog 
input subsystem. Its purpose is to provide a stable 120 
cycle square wave output which is locked in phase with 
the 60 cycle power line frequency. When energized, the 
phase locked oscillator attains a stable frequency in 
about 1 min, and follows long term line frequency vari- 
ations of 58 to <)2 Hz (48 to r>2 Hz for 1PL5). The 1PL4 
card is used for 60 Hz line frequency, and the 1 PL5 
for 50 Hz. An application block diagram is shown in 
Figure 1. 
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FIGURE 2. PHASE LOCKED OSCILLATOR BLOCK DIAGRAM 
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FIGURE 1. APPLICATION BLOCK DIAGRAM 



These circuit elements are interconnected in a feed- 
back configuration which attempts to maintain the out- 
put in a fixed frequency and phase relationship with the 
60 Hz input. 

The operation of the circuit elements is described in 
the following: 

Unijunction Transistor Oscillator and Binary Scalers 

The circuit diagram of the oscillator and scaler circuit 
is shown in Figure 3. 



CIRCUIT SPECIFICATIONS 

Input Requirements 

The power frequency input requires a 6. 3V, J_ 15','r 
sine wave ac voltage input. 

Output Capabilities 

The 120 Hz square wave output provides zero volts 
(PSC) for the negative portion of the pulse and approx- 
imately + 15 V for the positive portion of the pulse. 
The length of the positive portion is equal to the nega- 
tive portion. The output frequency is phase locked 
with the power line frequency input. 

Power Requirements 

Power input is + 26 V. + 15T dc. 57 mA max. 

CIRCUIT DESCRIPTION 

The phase locked oscillator circuit can be separated 
into the functional elements as shown in Figure 2. 



The oscillator circuit uses a unijunction transistor os- 
cillator. The output frequency is dependent on the con- 
trol input voltage. An adjustment is provided (potentio- 
meter M13-2) for initial calibration of the oscillator to 
240 Hz. (At control input voltage of 7. 5V. ) 

The 240 Hz oscillator output is scaled bv a binary 
scaler which basically is a binary counter stage (flip- 
flop circuit with capacitive input coupling). The out- 
put of this scaler is a 120 Hz square wave signal which 
is used in the analog input system for timing. 

The complement of the output is used to trigger the 
second binary scaler which further reduces the fre- 
quency to 60 Hz. This signal is used as a feedback 
signal to the frequency equality and phase detectors. 

The circuits of the two binary scalers are somewhat 
different, since the first is triggered by the positive 
going pulse of the oscillator, while the second is trig- 
gered by the negative going transistion of the first 
scaler. 
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FIGURE 3. OSC/LLATOff AND BINARY SCALERS CIRCUIT 



Phase and Frequency Equality Detectors 

The circuit diagram of these circuits is shown in Figure 
4. 



The output of transistor T5-2 will be square wave cor- 
responding to the power line frequency. The output of 
transistor T5-1 is also a square wave but this cor- 
responds to the oscillator frequency. 



FSfOUCMCY E0UAU7Y 0CTECT0« 

1 "--"I , 




60 Ml 

SQUARE WAVE 'SINE WAVE 

FROM OSCILLATOR {LINE FUCQUCNCY) 



«5-i 

60 m 



FIGURE 4. PHASE AND FREQUENCY EQUALITY DETECTOR 



These two square waves are used bv both the phase and 
the frequency equality detectors. 

The frequency equality detector utilizes capacitors C4-1 
and CM -2 - which are alternately charged and dis- 
charged through diode matrix D7-1. D7-2, D7-3 and 
D7-7 - and will place a charge on capacitor C9-1. 
The voltage on capacitor C9-1 wlJ1 be proportional to 
the frequency difference between the oscillator and the 
line frequency. When the two frequencies are equal, 
the voltage on capacitor C'!)-l should be half of the sup- 
ply voltage. 

For phase detection, the outputs of the two transistors 
arc fed to a diode AND circuit (diodes D7-5 and D7-4). 
If the two signals arc in phase, the output (on test point 
TP) will be a 60 Hz square wave. If the two signals are 
1H0° out of phase, the output will be p.ero. Resistors 
R.Srt-1 a tiii Ft.'!7-1 ! re used to bias the output to the pro- 



1 • 



Note that after the phase lock oscillator stabilizes, the 
60 Hz signal will be 270° out of phase with respect to 
the 60 Hz line frequency. The wave shape on test point 
TP therefore will be a square wave pulse with 25% duty 
cycle. 

Control Amplifier 

The outputs of both the frequency equality detector and 
the phase detector are connected to a high gain dc amp- 
lifier with capacitive feedback. 

The circuit diagram of the amplifier is shown in Figure 
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The matched pair of transistors T17-1 and T17-2 acts 
as a difference amplifier. Transistor T8-1 supplies 
additional gain and T5-3 provides a current gain and 
low output impedance. 

Adjustment for amplifier balance is provided through 
potentiometer M13-1. (Used during calibration of the 
1PL card.) 

The output of the control amplifier is connected to the 
control input of the unijunction transistor oscillator. 

1PLS Card - 50 CPS Optration 



The operation of the 1PL5 card is identical to that of 
the 1PL4 card. The only difference is the frequency 
used The input will accept 48 to 52 Hz (nominal 50 
Hz) and the output will be a 100 Hz square wave which 
is locked in phase with the 50 Hz power line frequency. 

The description of the rest of the circuits can likewise 
be corrected for 50 Hz operation. 



FIGURE 5. CONTROL AMPLIFIER CIRCUIT 



14-3 



MI3- I 



MI3-2 



35 






- I Rl6 -' H 



-c 



R28-I 



1 


1 


«■ 






_!. 


K) 


fO 


or 


or 


1 


1 



| 


1 


1 




ro 

CO 

CM 


_ 




CM 




FO 


CM 

cr 


CD 




IT 


CM 
Or 


or 






! 


1 


1 


! 





ro 
i 

CD 
O 



i 
o 



I 

O 




743A333-G02 



1 


1 


1 


i 


1 


1 


i 


i 


1 


1 


1 


| 






ft 




in 

s 

rr 


OJ 

r*- 
cm 
er 


6 

rO 

<r 


r^ 

CM 

0: 


CO 

vn 

rO 

rr 


o 

ro 
or 


* 

CM 
or 


ro 
CM 

or 


i i i 




CO 


r~ 
rr 


r- 

tf> 
ro 

rr 


ID 

r» 

CM 

cr 


go 
o 

ro 

rr 


! 


1 




1 


I 




1 


1 


1 


I 


1 


I 


1 


T 




T 


T 


T 


T 






I 

o 



t 


| 


1 






=a i 


fO 


T 




« 


fO 


o| ^ 


(T 


cr 


^-T* 



i r 



o 



rr 



Fr- 



io 
o 



i 



-| R30-3~}- 



-Q 



15-1 - 



I 
O 



H 



0J 

I 
O 



18 




18 



IPL4 



* NOTE: ON CARD PL5, R35-4 IS RS4-I, 
AND R3I-I IS R33-L 



FIGURE 6. 1PL4 1PLS ASSEMBLY (REF. DWG. 743A333. SUB U) 
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FIGURE 7. 1PL4 1PL5 SCHEMATIC (REF. DWG. 743A333, SUB U) 



2PS1 - POWER SUPPLY SWITCH MODULE 



GENERAL DESCRIPTION 

The circuits on this module are used to reset SCR' s in 
the input-output subsystem. There are 4 identical cir- 
cuits on a module. 

Figure 1 is a block diagram showing a typical applica- 
tion of the power supply switch. 
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FIGURE 1- APPLICATION BLOCK DIAGRAM 

CIRCUIT SPECIFICATIONS 

Input Requirements 

The power supph switch trigger is clamped at approx- 
imately a one volt level until the switch is reset. 

Output Capabilities 

The maximum current that can be carried by the switch 
output is S50 mA. The output is in a conducting state 
when there is no trigger signal. After the trigger sig- 
nal, there is a time delav of 1 to 9 msec (adjustable) 
oefore the output becomes non-conducting and supports 
26 V. The non-conducting state lasts 150 to 300 usee 
before reverting to conduction again. 

The interrupt signal from the power supply switch goes 
from approximately -*• 26 V to + 1 V at the time the switch 
output blocks and back to + 26 V at the time the switch 
conducts again. The computer detects an interrupt when 
the positive change in voltage occurs. 



Ptwtr Requirements 

Connections to + 26 V and PSC are required. 

CIRCUIT DESCRIPTION 

Refer to Figure 2 which is a schematic of one of the 4 
identical circuits on the module. The operation of the 
circuit is described in terms of a channel driver applic- 
ation. With none of the channel drivers selected (i. e. , 
all SCR's are blocked), the base drive of transistor T8-1 
is zero, causing it to be blocked. This means that the 
unijunction transistor S2-1 has no positive supply, and 
the timing capacitor C10-2 is discharged. Transistor 
T5- 1 has no base drive and is blocked, allowing base 
drive to be provided to transistor T7-1 which is now in a 
state to allow conduction. 

Assume the channel in Figure 2 has been selected. The 
detector SCR located on another card (2CB for example) 
and any number of the channel driver SCR' s (such as on 
a 4CD Card) are turned on. Transistor T7-1 is in a 
conducting state and provides the current path to ground 
for the cathodes of the SCR' s. The conduction of the 
detector SCR is the trigger signal which causes base 
drive to transistor T8-1. Transistor TH-1 turns on. 
supplying voltage to the unijunction transistor and its 
timing circuit. After a time delay determined by resis- 
tor R18-1, capacitor C10-2, and the adjustment of po- 
tentiometer M12-1, unijunction transistor S2-1 breaks 
down, producing a pulse across resistor R12-1. This 
causes transistor T5-1 to conduct and transistor T7-1 
to block for the approximate duration of the UJT pulse. 
The blocking of transistor T7-1 reduces the current 
through the SCR' s below the holding value and the SCR' s 
turn off, that is, the SCR's are reset to the blocking 
state, accomplishing the main function of the power sup- 
ply switch. The trigger signal is removed when the 
detector SCR is turned off. causing transistor TH-1 to 
again block. At the completion of the UJT pulse, tran- 
sistor T5-1 blocks, and transistor T7-1 returns to its 
conducting state. The power supph switch has now re- 
covered and is ready for the next selection of the channel. 

The interrupt signal is taken from the collector of tran- 
sistor T5-1. During the UJT pulse, transistor T5-1 is 
conducting, and the interrupt signal is near zero. At the 
completion of the UJT pulse, transistor T5-1 blocks, 
and the external interrupt signal goes to approximately 
- 1 26V. The computer recognizes this positive going 



The reason for using a unijunction transistor in the tim- 
ing circuit is because it is stable and does not drift ap- 
preciably with temperature or supply voltage. The tim- 
ing requirements for the power supply switch vary ac- 
cording to its application. The UJT time delay is vari- 
able from 1 to 9 msec to accommodate these applications. 



15-1 



+26V 

CHANNEL DRIVERS DETECTOR J=r -.^ f 

l'~[[ — in rt^rs * 

\\ ! TRIGGER SK5NAL-* —"SP 

11 S S rT» I ^ * * *£* 

| // ! ! rT + 26V (n)PSSIT' ♦«* jfi 

£// $ £ £ 

\ $ \\\ { \{ \\\{ \ % : :?»,-' : S3?"' 



LOAD CURRENT PATH / /^fj\ 



(n)PSS 10 



PS.C.O- 




D6-I 



™ 'A 1 ' i -L.CI2-I 
261 ii: T^O.OS/xf 




*R55-I 
00 5W 

;R55-2 
*I50I2 



RI6-I 

2ooii 



06-2 D6-3 




D7-I 



RI8H 
301 



i-l ; _ _, 

St ^ 

^ >mi2-i 



:ri2-T 

•3! 



35.712 'VZpl 



.CIO- 1 
2/if 



is* i? 



+26 



R52-I 
IK 3W+I 




.INTERRUPT DETECTED 
IBY COMPUTER 



(n)PSS I INT' 



600/1 SEC 
h- 1 50-300/1 SEC 

•EXTERNAL INTERRUPT TO 
I/O INTERFACE 



FIGURE 2. ONE POWER SUPPLY SWITCH CIRCUIT 



15-2 



35 



i 

co 



J 



M 12- I 



MI2 - 2 



R55 



— R55-2 



- R55-3 



R55-5 



- R55-6 



R55-7 



— R55 -8 



Ml 2-3 



MI2-4 



743A362(2PS) 



c io - i 



C 10 -2 



C 10-3 



— R55-4 - 



C 10 - 4 



C 10 - 5 



— CIO-6 



C 10 -7 



- J_ 



- J., 



T 



- J- 



T 



QD 

v6P 



x 



X 



X 



X 



& 



Vr 



xx. 



X 



X 



0^ 



JL 



JL 



J. 




X 


J-. 


(re -4) 


i 


1 






1 


1 










v y 






1 1 








« 


<r 






t 










(£l 




JO 






1 

CO 


1 

IO 


<» 


r- 


1 


CO 






<\J 


c\j 




— 


— 




f- 




' 


a 




ir 




C* \ 


tt 


ir 




n 






x 




x 


X 


KH 


T^ 


X 




x 


X 


or 

X 













T7-4\ 



LO,J_ 



J-, 



1 


^ 


1 


1 


I 












to 


f- 
\ 


OD 


<n 


l*> 


1 


o 


ID 
O 


10 
Q 


C\J 


<r 


TTT 


o 


X 











1 


_L 


I 


ill 


1 


I 




o 


— 


N 






<J 


i 






<r 


CO 


1 


10 

o 


u> 
a 




CM 




a. 


XXX 


o 


or 


x 










X 



2PSI 



"H' 



18 



FIGURE 3 2PS1 ASSEMBLY (REF. DWG 743A362, SUB 6) 
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FIGURE 4. 2PS1 SCHEHATIC (REF. DWG. 743A362, SUB 6) 



2RB3 - READER BUFFER MODULE 



GENERAL DESCRIPTION 

The 2RB module serves as a buffer between the CPU and 
the interface package of the CX Tape Reader. The card 
contains a data buffer register and control circuitry. 
An application block diagram is shown in Figure 1. 
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FIGURE I- APPLICATION BLOCK DIAGRAM 



CIRCUIT SPECIFICATIONS 
Input Requirements 

• Data input from tape reader interface: Logic 
"zero"; 1. IV maximum: logic "one", 4.0V minimum. 

• Channel half-select requires a minimum 11V, 
4 usee pulse. 

Output Requirements 

• Data output must be a minimum 6V, 4 usee 
pulse. 

• Interrupt signal is nominally 26Y tied to a Ik 
pull-up resistor. 

Power Requirements 

The 2RB requires a 26Vdc from the I/O power supply. 
CIRCUIT DESCRIPTION 

Refer to the schematic in Figure 4. 



Each of the eight identical buffer registers on this card 
work in the following manner. Refer to upper right hand 
corner of Figure 4. 

Buffer Register 

Whenever the tape reader data contact closes (zero volt- 
age on R. D.C.O for example), because of a punched hole 
in a particular level of the tape, capacitor C9-1 (0. 5 
mfd) will charge up. 

When the computer now addresses the reader channel 
through the channel half-selects, the data in the buffer 
register will be transmitted to the computer. This will 
occur because, with C9-1 charged, winding 1-2 will ap- 
pear as a high impedance path when the channel half- 
select pulsed and, therefore, windings 5-6 will have the 
voltage impressed across it (will present a logical "one" 
to the computer). 

If, however, there is no hole in the tape, C9-1 will not 
be charged, and when the half-select is pulsed, winding 
1-2 will look like a short circuit and there will be no 
voltage impressed upon winding 5-6 (will present a log- 
ical "zero" to the computer). 

The register must be cleared once it has been read by 
the computer; this is done by the Clear Register signal 
which is common to all 8 bits. 

The "U" contact input shown in the schematic is the 
"Universal" contact in the reader which closes every 
time a character is read. It is used as a strobe contact. 

When the reader advances, the U contact (filtered) closes 
to PSC and transistor T8-1 conducts for 6 msec, the 
time which the "U" contact is closed. This causes T5-1 
normally blocked, to conduct for a short period of time. 
When this transistor blocks again, an interrupt (a posi- 
tive going voltage) is given to the I/O interface, indicat- 
ing that a character from the tape reader has been read. 
At the same time, transistor T5-2 blocks and resets the 
SCR (Sl-1). 

The computer acknowledges the interrupt by selecting 
the channel associated with the reader and reading the 
8-bit buffer register. 

A "dummy" bit is used to indicate this acknowledge 
from the computer. This is shown on the schematic. 
The transformer Xl-9, when selected with an open 
primary winding 1-2, will always set the SCR, Sl-1. 
Sl-1 may be set since T5-2 is normally conducting 
except during the interrupt period. 

Each time the computer reads the buffer register, it is 



16-1 



necessary to clear the register and "ask" for another 
character. When Sl-1 conducts, transistor T8-2 , 
approximately 25 usee later, conducts and discharges 
all capacitors in the buffer register. At the same 
time a signal is sent to the Reader Advance Circuit 
to advance the reader. 

The Clear Register Switch signal (X12) is not used. 



Figure 2 represents the time requirements for this 
card. 
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3SB1 - SPAN & GAIN w/INPUT BUFFER 



GENERAL DESCRIPTION 

This module is used in the analog input subsystem and 
it performs the following functions: 

• Provides addressability by the I/O system 
through the channel half-select circuit. 

• Provides circuits to set the span and gain of 
the voltage-to-frequency converter. 

• Provides transformer isolation between the 
output of the counters (CT card) and the I/O register. 

• Provides a trigger signal to start the analog 
input cycle. 

Figure 1 shows the functional ties of the 3SB module to 
the analog input subsystem and the l/O interface. 
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FIGURE I. APPLICATION BLOCK DIAGRAM 
CIRCUIT SPECIFICATIONS 
Input Requintntnti 

The channel half-select signal requires a minimum 
11 V, 4 us pulse. 

The data input from the counter requires diode-coupled 
logic-level signal, "zero" (= PSC) for unselected and 
"one" (= transistor is blocked) for selected bits. 



The data inputs from the I/O interface require logic 
level signals of "zero" (1. 1 V max) and "one" (4.4 V 
min). 

Output Rtquirtintflti 

The output to the I/O interface (input data) requires a 
minimum 6 V, 4 us pulse. 

The span driver output (bits to 6) requires a "zero" 
for selected bits and "one" (+ 26 V) for unselected bits. 

The span driver common is tied to PSC through a power 
supply switch. To reset the SCR circuits this must be 
opened for a minimum of 100 us. 

The read trigger output requires a 4 us grounded (logi- 
cal "zero") pulse corresponding to the channel half- 
select pulses. 

The gain select requires a logical "zero" if the +5 V 
range is selected, and a logical "one" (+ 26 V) if the 
+ 50 mV range is selected. 

CIRCUIT DESCRIPTION 

Since the 3SB module performs 4 different functions, 
each of these functions is described separately. 

Digital Input Buffer 

The fourteen bit digital input buffer consists of fourteen 
identical circuits, each composed of a three winding 
buffer transformer, a current limiting resistor and an 
isolating diode. The circuit diagram of one input buffer 
is shown in Figure 2. 
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The circuit operates in the following way. When the 
transistor representing the output buffer stage of the 
counter is blocked, diode D7-1 is reversed biased. 
Most of the primary pulse energy, supplied by the 
channel half-select circuit (ffjfffN), (ff0Nff) is trans- 
ferred to the secondary winding of the transformer 
and a pulse is provided to the I/O interface (IDOO). 
When the counter output transistor is saturated, diode 
D7-1 is grounded (to counter ground) and the tertiary 
winding of the transformer is short-circuited. Most 
of the primary pulse energy is now transferred to the 
tertiary circuit and dissipated in the winding resistance, 
diode D7-1, and the counter output transistor. The 
voltage appearing across the secondary winding is not 
sufficient to provide enough energy to be detected by 
the I/O interface. Resistor R85-1 provides current 
limiting and diode D7-11 clamps any inductive flyback 
voltage. 



a logical "one", diode D7-1 Is reversed biased, which 
open circuits the tertiary winding. If the Input is a 
logical "zero", D7-1 is grounded which shorts out the 
tertiary winding. 

It can be seen that when a pulse (channel half-select 
it (n) ff and 000 (n) ) appears across the primary wind- 
ing (3-4) the logic level of the input line will determine 
the voltage on the secondary (5-6). 

With the input a logical "one", the secondary (5-6) will 
have a voltage induced in it which triggers Sl-1 and 
drives its output to a logical "zero". This occurs be- 
cause the +26V tied to R53-1 will conduct through the 
power supply switch to PSC. With the input a logical 
"zero", no voltage will be induced in the secondary, 
the SCR will not conduct and therefore the output will 
remain a logical "one". 



Span Driver 

The span selection consists of 6even identical circuits. 
Each of these circuits consists of an SCR with a zener 
diode threshold in the gate circuit and a three winding 
trigger transformer. The circuit diagram of one bit 
of the span driver is shown in Figure 3. 
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FIGURE 3. ONE BIT OF SPAN DRIVER CIRCUIT 

The operation of the circuit is identical to that of a 
channel driver circuit. Initially the output transistor 
of the power supply switch is saturated so that if a 
positive trigger pulse is applied between the gate and 
the cathode of Sl-1, the SCR will conduct. The gate 
circuit consists of zener diode Zl-1 in series with the 
secondary winding (5-6) of the trigger transformer. 
The tertiary winding (1-2) of the trigger transformer 
is connected through diode D7-1. When the output is 



The zener diode in the gate circuit is needed since the 
tertiary winding is never completely short circuited. 
Losses in diode drop and transistor saturation drop ac- 
count for a small pulse across the secondary winding 
when the input is a logical "zero". When the input is a 
logical "one" and the particular channel is selected, the 
SCR' s will be triggered in response to the half-select 
pulse. The SCR will remain in the conducting state un- 
til the power supply switch turns it off. 

The output of the span driver is used to energize the 
span relays in the voltage-to-frequency converter. 

Rail' Trigger 

Bit 8 (0D8) of the I/O output data is used to generate the 
read trigger signal. This is accomplished with the cir- 
cuit shown in Figure 4. 
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Like the span driver circuit, a pulse will be generated 
in the secondary winding of the transformer (5-6) by the 
channel half-select pulse if the input is a logical "one". 
This pulse will saturate the base to emitter junction of 
transistor T5-1 and thus, the READ-TRIGGER output 
will be grounded for approx. the duration of the channel 
half-select pulse (4 us). 

The zener diode threshold serves the same purpose as 
described in the span driver description. 

Capacitor C4-11 and resistor R26-1 are needed for 
filtering out noise which may propagate due to the 
zener capacitance. 

Gain Select 

Bits 12 and 13 of the I/O output data (0D12 and 0D13) 
are used for selection of gain of the voltage to frequency 
converter. For this purpose, the circuit on the 3SB 
module consists of two, transistor-diode circuits con- 
nected in a flip-flop configuration, coupled to two 3- 
winding transformers. The circuit diagram is shown 
in Figure 5. 



Assume that transistor T6-2 is conducting. Point 1 is 
grounded and no base drive is provided to transistor 
T6-1. But as transistor T6-1 is blocked, base drive is 
provided to transistor T6-2 through R25-2, Dl-8, Dl-6, 
and Dl-5. Also +26 V is provided to the gain relay 
through R25-2 and Dl-9. The 50mV range is selected. 

If a channel half-select pulse now appears on M (n) 
and 00 (n) and bit 12 (0 D12) is a logical "one", a 
positive pulse will appear on the secondary winding 
(5-6) of transformer XI -8 which will turn on transistor 
T6-1, which in turn will cause T6-2 to be blocked. In 
this case, no voltage will be provided to the gain relay 
output. The 5V range is selected. 



The flip-flop will change its state again similarly if, 
the next half-select pulse, bit 13 (0D13) is a logical 



on 
"one 



The flip-flop will not change its state if both bit 12 and 
bit 13 are logical "zeros". 
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3SI1/3SI2 - SEQUENCE OF EVENTS INTERRUPT CARD 



GENERAL DESCRIPTION 

The SI card generates a single interrupt when any one 
of a number of CCI' s change state; either from closed 
to open, or open to closed. The card suffix denotes 
the following: 



Card 

3SI1 
3SI2 



Type 

48V, make or break int. 
125V, make or break int. 



A block diagram showing a typical application of the SI 
card and power supply switches is shown in Figure 1. 

CIRCUIT SPECIFICATIONS 
Input Rtquinmtnti 

Inputs must take the form of a switched dc voltage from 
relay contacts or switches. The presence of a voltage 
produces a "one" input while zero volts produces a 
"zero" input. 

The nominal magnitude of the input voltage level and in- 
rush resistance of each bit are: 



Module 
Type 

3SI1 
3SI2 



Nominal 
Voltage 

48 
125 



Inrush 
Resistance/bit 

2.9k 
5.9k 



ONtpit Capabilities 

Output is to a power supply switch trigger. 

The output is clamped at approximately one volt until the 
power supply switch is reset. 

Powtr Raqulremants 

The negative side of the 48/ 125V power supply should be 
connected to the 48/125 RET (X2). The nominal inrush 
current/bit is 16. 5 mA for 48V or 21. 2 mA for 125V. 
A minimum of 6V is required on the anode of the silicon 
controlled rectifier (X18). The negative side of the plant 
power supply must be connected to PSC. 

CIRCUIT DESCRIPTION 

Figure 2 illustrates one bit of the 14 bits on the 3SI1 and 
3SI2 cards. 

Input resistance for each card is: 

Type Ra M41 Coil Res. 



3SI1 
3SI2 



1.5k 
4.5k 



1.425k 
1.425k 



When the contacts for bit (n) close or open, the relay 
coil (M41) is energized or de-energized respectively. 
The coil will not be operated at a frequency greater than 
60 Hz. The M41 contacts will momentarily open because 
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they have "break before make" feature. Therefore the 
SCR, Sl-1 will be triggered and start conducting. Sl-1 
will be triggered when bit (n) is opened or closed. It 
will remain conducting until reset by the power supply 
switch card. 
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FIGURE 2. ONE BIT CIRCUIT 
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2SL1 - 735 SELECTRIC INTERFACE MODULE 



GENERAL DESCRIPTION 

The 2SL1 printed circuit module serves as a buffer be- 
tween the Central Processing Unit, and the interface 
package of the 735 Selectric typewriter. It contains a 
data buffer register and control circuitry. An appli- 
cation block diagram is shown in Figure 1. 

CIRCUIT SPECIFICATIONS 
Signal Requirements 

I/O Interface 

• Data: logic "zero" - 1. IV maximum; logic 
"one" - 4.0V minimum. 

• I/O Selection: 4. /jsec pulse, 11V minimum. 

• Interrupt Input: nominally 28V tied to a Ik pull 
up resistor. 

735 Interface Package 

• Data: zero volts (magnet energized), +28V 
(magnet de-energized). 

• Reset: contact closure. + 28V causes reset to 
occur. 



Power Requirements 

2SL1 module receives + 28V through terminal XL 

CIRCUIT DESCRIPTION 

Data Buffer Register 

Figure 2 shows one bit of the 14-Bit data buffer register. 
The Selectric magnet is energized when 4 /isec half- 
select pulse unloads the data line through the pulse 
transformer into the associated SCR. When the SCR 
conducts, the magnet is energized, and the 735 Se- 
lectric cycles. This causes the reset contact in the 
Selectric to close, thus generating a RESET signal. The 
RESET signal controls the Power Supply Switch located 
on the SL card. When open, the Power Supply Switch 
causes the SCR to block and the Selectric magnets to be 
de-energized. 

The outputs of the SCR's which drive the magnets are 
filtered to prevent rate-of-rise firing of the SCR's. The 
filter is also used to drop the dc voltage to the magnets 
from 28Vdc to 24V'dc (their normal operating voltage). 

Power Supply Switch Control and Interrupt Circuit 

Refer to Figure 3 for the following description. 
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FIGURE 3. POWER SUPPLY SWITCH CONTROL AND INTERRUPT CIRCUIT 



Transistor T9-1 is the controlling transistor in the 
Power Supply Switch which delivers current to the 
printer magnets if their SCR' s are switched on. When 
this transistor blocks, the SCR's are switched off, 
and the magnets are de-energized. 

In the quiescent state, transistor T9-1 is conducting 
and transistor T5-1 is normally blocked. The base 
of T5-1 is controlled by the completion contacts in 
the printer. Normally these contacts are open, how- 
ever, when the Selectric cycles, these contacts close 
and cause transistor T5-1 to conduct. The transistor 



conducts as long as the completion contact in the Select- 
ric is closed. With T5-1 conducting, T6-1 blocks, thus 
blocking T9-1. This switches off all the SCR's which 
were on, thereby clearing the 14-Bit register. 

Transistor T5-1 blocks when the completion contacts 
open. The output of transistor T5-1 is used to inter- 
rupt the computer to ask for another character of out- 
put. The interrupt occurs when this output has a posi- 
tive going transition. 
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2TN1 - MODEL 35 TELETYPE INPUT MODULE 



GENERAL DESCRIPTION 

The 2TN1 module is used for control of data transfer 
between the Model 35 Teletype equipment and the I/O 
interface. This card contains data input pulse trans- 
formers and control circuitry. An application block 
diagram is shown in Figure 1. 



CHANNEL 

HALF 
SELECT 



j/OJNJERFACE | 



LINE 
SIGNAL 
♦ t* ♦ 



SEQUENCER 
.OUTPUTS 



CONTROL 



TO TAPE To MODEL V, 
READER INTERFACE 

CONTROL 



FIGURE 1. APPLICATION BLOCK DIAGRAM 

CIRCUIT SPECIFICATIONS 
input Requirements 

l/O Interface 

• I/O Selection - 4.0 >isec pulse, 11V mini- 



Model 35 Interface 

• Mercury Relay Contact used to control tape 
reader ON/OFF. 

• Mercury Relay used to monitor Input line cur- 
rent. 

Power Requirements 

The 2TN1 module receives power from the +26V I/O 
interface power supply. 

CIRCUIT DESCRIPTION 

2TN1 card contains the following items: 

• The 8 input pulse transformers whose outputs 
are tied to the I/O interface data input register. The 
transformer inputs are tied to the 8-bit SCR register on 
the TO card. 

• Line relay used for monitoring serial data from 
Model 35. 

• "Input load" signal used for setting SCR's in 
date register, (ITOl). 

• Tape reader ON/OFF control relay. 

• Input interrupt circuit requesting input data be 
read by l/O interface. 

• "Acknowledge" pulse transformer indicating l/O 
interface has taken previous character. 



• Data Input - "one" - 6V minimum, 4.0 usee 
pulse. 

• Interrupt Input - Interrupt signal is nominally 
26V tied to a Ik pull up resistor. 

4TQ1 Signals 

• Data - Logic "zero" - 1. IV maximum, 
Logic "one" - 4.0V minimum. 

• Input Load 200 usee pulse will set selected SCR. 
3TS1 Signals 

• Sequencer outputs - zero volts implies logic 
"zero", positive voltage implies logic "one". 



Control signals - covered in circuit descrip- 



Figure 2 shows one of the eight pulse transformers used 
for reading data from the 4T01 SCR data register to the 
l/O interface. If the SCR is conducting, winding 1-2 will 
appear as a short circuit and a small voltage will result 
across winding 5-6 when the 4.0 /isec channel half-sel- 
ect pulse occurs, this is a logic "zero" to the l/O inter- 
face. However, if the SCR is blocked, Dl will be blocked 
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FIGURE 2. PULSE TRANSFORMER CIRCUIT 
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when channel half-Belect pulse occurs and a voltage will 
appear across winding 5-6 and D2 will conduct. This is 
a logic "one" to the I/O interface. 

Figure 3 shows the input mode selection. When the 
line relay M9-1 is de-energized as a result of a 
"start" impulse (open line) from the Model 35, SCR 
Sl-1 is set. The relay contacts open and the gate 
of the SCR is pulsed, turning it on. When Sl-1 
turns on, transistor T8-1 conducts and generates 
signals "U" and "Y" which indicate input mode. The 
signals are + 26V. 

Figure 4 shows the timing associated with setting the 
input SCR (Sl-1) as a result of "start". Transistor 
T5-2 remains blocked since "N" is ground at all times 
other than step 8 of the sequence (STOP). When step 8 
of the sequence occurs "N" goe6 positive, T5-2 con- 
ducts. This shunts the Sl-1 holding current and the 
SCR blocks. T8-1 remains on, however, since T5-2 
provides the base current to T8-1. Signal pulse "R" 
occurs about 1. 5 msec after "N" and causes T5-2 to 
block. This generates the interrupt positive transition. 
Also TH-1 will block and "U" and "V" signals arc in- 
hibited. The same sequence of events will occur when 
the next "start" occurs. 
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FIGURE 3. INPUT MODE SELECTION CIRCUIT 



FIGURE 4. CIRCUIT TIMING CHART 

The input load signal generation is shown in Figure 5. 
Input load is the output of transistor T5-5 and is used to 
set the selected SCR on the 4T01 card. The input load 
timing is related to PI and P2 pulse inputs as shown in 
Figure 6. Capacitor C23-1 is held discharged by UJT 
inhibit when the sequencer is not running. When the se- 
quencer is reset and UJT goes positive, C23-1 will be 
allowed to charge through R28-5 and adjustable potentio- 
meter M17-1. Either PI or P2 will also discharge 
C23-1. The charging of C23-1 is shown in Figure 6. 
Note that PI occurs first and discharges C23-1, through 
T5-3, then C23-1 is allowed to charge. When it reaches 
the required voltage, S2-1 will fire and T5-4 will turn 
on. This time is adjusted to 6.3 msec after PI or P2 
pulses. At P2 time, C23-1 will again be discharged. 
When T5-4 turns on, T5-5 blocks since its base current 
is shunted away by T5-4. The collector of T5-5 will be 
allowed to go positive if the M-9 mercury contact is 
opened. If it is closed, then T5-5 will be held at ground 
and the input load signal will be suppressed. 

Figure 7 shows the control of the Tape Reader Relay 
Contact and the acknowledge signal from the I/O inter- 
face as a result of an input interrupt. 

Relay M3-1 is a bistable relay which controls the tape 
reader advance in the Model 35 equipment. Transistor 
T5-1 will reset or open the tape reader contact while 
transistor T6-1 is used to set the relay contact closed. 

When an input is done on the selected input channel, 



20-2 




FIGURE 5. INPUT LOAD SIGNAL GENERATION 



transformer XI -9 is pulsed with the l.Ojjsec pulse. 
Since the winding 1-2 is an open circuit, then a positive 
pulse will be generated from winding 5-<i. This pulse 
will turn on T6-1 and the tape leader contact will be 
closed. The tape reader will advance and a character 
will be read. T6-1 conducting shunts base current 
away from T6-2 and it blocks. This causes T6-1 to be 
held on via R26-12 and D7-26. 

The output of T6-2 is signal "Q" which, when it goes 
positive, will cause the register reset to occur and sig- 
nal "R" is generated. Therefore, about 100 /jsec 
after inputting the data, the register is cleared. Also, 
signal "R" is generated about 1. 5 msec after the input 
command. Signal "R" will shunt the base current of 
T6-1 and cause it to block. When T6-1 blocks, T6-2 
turns on and holds T6-1 off. Signal "Q" goes to ground. 

The tape contact is now closed and a new character may 
be read beginning with Start which enables the sequencer. 
At step D- C of the sequence, the tape reader contact is 
reset and the reader will stop. When the data is read, 
the contact is again closed and the data register 
cleared. 




FiGURE 6. \NFUl LOAD TiUlNG 

2TN1 Potentiometer Adjustment For input Load Signal 

1. PI and P2 pulses from TS Card should be con- 
nected to TN Card on pins X34 and X35. 

2. Connect scope to TN Card at junction of 02,1-1 
and M17-1 and adjust potentiometer to obtain 6.3 msec 
ramp as shown in Figure 6. 

* * * 
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4T01 - MODEL 35 TELETYPE DATA BUFFER MODULE 



GENERAL DESCRIPTION 

The 4T01 module is used as a buffer between the I/O 
Interface and the Model 35 Teletype equipment for both 
input and output. The card contains a data buffer reg- 
ister. Figure 1 is an application block diagram of this 
card. 

CIRCUIT SPECIFICATIONS 
Input Requirements 

l/O Interface 



• Sequencer Outputs - volts Implies "0"; posi- 
tive voltage "1". 



• Output Mode - zero volts implies output mode 



(M). 



• Motor ON/OFF control - zero volts implies 
turn on motor (L). 

• "K" line relay driver input - zero volts-de- 
energized, + 7. OV-energized. 

2TN1 Signals 



• Data - Logic "0"; 1. IV maximum; Logic "1"; 
4. 0V minimum. 



• Data - Logic "0" - 1. IV maximum; Logic "1" 
4. 0V minimum. 



• Channel half-select - 4. usee pulse, 11V 
minimum. 

3TS1 Signals 

• Reset - volts will reset SCR Buffer Register. 



• Input Load - 200 jisec pulse will set selected 
SCR. 

Power Requirements 

The 4T01 module receives power from the + 26V I/O 
interface power supply. 
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CIRCUIT DESCRIPTION 

The 4T01 card contains the following: 

• The 8-bit data register which stores the 8 bits 
of data either as output from the computer or as input 
from the Model 35 equipment. 

• Pulse transformers which are connected to the 
Output Data register. 

■ Sequencer decoding for the input and output of 
serial data. 

• Output "mode" SCR, signal M, which indicates 
output mode of operation. 

• Motor on/off bistable, which controls motor 
on/off relay (signal L). 

Figure 2 illustrates a typical Data Bit of the 8-bit Buffer 
register. This data bit may be set by output from the 
I/O interface or by input from the Model 35 equipment. 
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FIGURE 2. ONE BIT CIRCUIT OF 8-BIT DATA REGISTER 



If Bit 5, for example, is a logical "0" from the I/O in- 
terface, this will cause terminal 1 of the winding 1-2 
to be grounded. Since terminal 2 is tied to ground, 
this winding will appear as a short circuit. If Bit 5 is 
a logical "1", winding 1-2 will appear to be an open 
circuit since the series diode is back biased. 

I/O interface selects the channel with a 4. usee pulse 
across winding 3-4 and if winding 1-2 appears as a 
short circuit, a small voltage will be generated across 
winding 5-6 and the diode, D-2, will not conduct and the 
SCR will not be set. If, however, winding 1-2 appears 
as an open circuit (logical "1"), then, when the channel 
pulse occurs, sufficient voltage will appear across 
winding 5-6 so that diode, D-2, will conduct and the 



SCR will be set. The SCR anode Is returned to + 26 V 
through resistor Rl. Thli provides holding current for 
the SCR. 

Diode Inputs A and B serve to select the SCR during 
put. A and B are sequencer outputs and act as a logical 
"AND", allowing point "S" to go positive. Signal "I" is 
the input load signal and ls_ normally at ground. If this 
signal goes positive when A and B are selected, then the 
SCR is set through diode D-3. 

Diode Inputs A and B are also used to select the SCR 
during output. Inputs A and B and diode D-4 act as an 
"AND" gate so that if the SCR is set, point "S" will be 
held at + 2V. If the SCR Is blocked, point "S" will be al- 
lowed to go more positive. Diode D-5 is the output of 
this "AND" gate and it is "ORed" together with the other 
7 data bits to drive the relay driver circuit. 

The anode of the SCR is also connected to pulse trans- 
formers for inputting data to the I/O interface. If the 
SCR is conducting it will appear as a short circuit across 
winding 1-2. If the SCR is blocked it will appear as an 
open circuit across winding 1-2 of the input transformer. 
When the input channel is selected and pulsed, a logical 
"1" will be stored if the SCR is blocked, and a logical 
"0" will be stored if the SCR is conducting. 

Reset Switch 

The outputs of the 8 SCR' s which make up the buffer reg- 
ister are connected through holding resistors to a "re- 
set" switch. This switch is a transistor which is blocked 
as shown in Figure 2. When Tl conducts it will "shunt" 
the SCR holding current since the voltage drop across 
the transistor to ground is less than the voltage across 
the SCR and the 3 series diodes. 

Figure 3 shows the motor ON/OFF bistable which is 
controlled by Bit 13 and Bit 0. If Bit 13 is a logical 
"one", then a positive pulse will appear across winding 
5-6 and the transistor T6-1 will be turned on. This 
transistor is held on by transistor T6-2 being blocked. 
Transistor T6-2 will conduct if Bit is a logic "one". 
When this transistor conducts, it shunts the base cur- 
rent to transistor T6-1 and T6-1 will block. Transistor 
T6-2 is held on since T6-1 has blocked and the base cur- 
rent to T6-2 is no longer shunted. 

The output of T6-1, signal L, drives the mercury wetted 
motor "ON" relay. This relay is mounted on the TS 
card. 

Also shown in Figure 3 is the "Output Mode" SCR which 
is set each time the channel is addressed. Note that 
winding 1-2 is not connected, and as such, will appear 
as an open circuit when the 4 fisec channel pulse occurs, 
causing the SCR to be set. Signal "M" is used to indicate 
that the computer has performed an output. 
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1TP1 - TAPE PUNCH AMPLIFIER AND CONTROL 



GENERAL DESCRIPTION 

This module is used to accept data input from the 1DE3 
buffer and amplify these signals to drive the punch mag- 
nets. This module contains buffer amplifiers and con- 
trol. An application block diagram is shown in Figure 
1. 

CIRCUIT SPECIFICATIONS 

Input Requirements 

• Data Input - zero volts input - hole will be 
punched. 

• Magnetic pickup pulse - 4V pulse, 0.5 msec 
from Tape Punch. 

Output Requirements 

• Data Output - zero volts output - hole will be 
punched. 

• Reset Pulse - a transition of zero volts to -28 
V sent to 1DE3 to cause 4. 5 msec delay and initiate 
interrupt. 

Power Requirements 

• iTPi module receives power from 28Vde. 8A 
power supply in the punch interface package. 



The requirement of the control circuitry of the 1TP1 
card is to accept the magnetic timing pulse from the 
punch and energize the power transistors associated 
with each of the selected SCR' s in the output register. 

In the quiescent state, transistor T4-10 is conducting. 
Note that this prevents T4-1 through T4-9 from conduct- 
ing since it holds their bases more positive than the 
emitters. T4-1 through T4-9 will conduct if T4-10 
blocks, allowing their base circuits to go negative. 
T4-10 is normally conducting because T8-1 is blocked. 
T8-1 will conduct when T5-2 conducts. T8-1 and T5-2 
form a bistable so that if T5-2 is turned on, it in turn 
biases T8-1 on. which further holds T5-2 on so that the 
bistable latches "on". 

T5-1 is connected to the magnetic pickup and is control- 
led by this pulse. T5-1, when enabled, turns off 
turns T5-2 on. Before any action can occur, the feed 
hole SCR must be selected. This provides an emitter 
current path for both T5-1 and T5-2. Once the SCR has 
been turned on. the next magnetic pickup pulse will 
cause T5-1 to be turned off and T5-2 to turn on; this 
causes T9-1 to come "on" and T4-10 blocks. The power 
transistors, T4-1 to T4-9, with their corresponding 
SCR on, will conduct, and the magnet in the punch will 
be energized. The magnets will remain energized for 
as long as the T5-2/T8-1 bistable is latched "ON". This 
bistable may be reset by opening the feed hole SCR on 
the 1DE3 card, which removes the emitter current path 
for transistor T5-2. 



CIRCUIT DESCRIPTION 

A typical amplifier (one of nine) and the associated 
control is shown in Figure 2. 



When T8-1 conducts due to magnetic pickup pulse its 
collector goes positive. This positive going signal 
causes the control on the 1DE3 card to begin timing the 
length of time that the magnets are energized. 
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3TS1 - MODEL 35 TELETYPE CONTROL CARD 



GENERAL DESCRIPTION 

The 3TS1 module is used as control between the Model 
;;"> Teletype equipment and the 4T01 buffer card. This 
card contains control and sequence circuitry. An ap- 
plication block diagram is shown in Figure 1. 
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FIGURE ). APPLICATION BLOCK DIAGRAM 

CIRCUIT SPECIFICATIONS 
Signal Requirements 



• Interrupt - The interrupt signal is nominally 
2fiV tied to a Ik pull up resistor. 

ITOl Signals 

• Reset - zero volts will reset SCR buffer reg- 
ister. 

• Sequence outputs - zero volts implies "zero" 
TV implies "one". 



Output Mode - zero volts implies output mode 



(M). 



• Motor ON/OFF control - zero volts implies 
turn on motor (L). 

• "K" line relay driver input - zero volts de- 
energized, ' 7. OV energized. 

2TN1 Signals 

• Sequencer outputs - zero volts implies "zero" 
* 7V implies "one". 



• Control signals - covered in circuit descrip- 
tion. 

Model 35 Interface 

• Mercury Relay contact used to pick power relay 
to turn on Model 35 equipment. 

• Output Contact - opens and closes line to 
Model 35 equipment. 

Power Requirements 

The 3TS1 module receives power from the ■* 26V I/O 
interface power supply. 

CIRCUIT DESCRIPTION 

3TS1 card contains the following: 

• A 5-stage counter used for converting serial to 
parallel and parallel to serial data. 

• A unijunction oscillator (PI and P2 outputs), 
which steps the 5-stage counter. 

• The register reset circuit used to clear SCR 
register at the end of data transfer. 

• Output interrupt circuit "asking" for new output 
character in output mode. 

• Line contact used for sending serial data to 
Model 35 equipment. 

• "Reset" signal used to reset 5-stage counter at 
beginning of data transfer. 

• Motor on/off mercury relay used to pick motor 
on/off relay located at the Model 35 equipment. 

Figure 2 shows the 5-stage counter using NAND logic to 
obtain the basic timing of the Model 35 equipment. The 
timing of the counter is shown in Figure 4. Note that 
the counter is reset to E- A (step 9). This is defined as 
"start" to the Model 35 equipment. The counter is 
stepped along by PI and P2 pulses which occur alter- 
nately every 9. 09 msec. The counter will remain in the 
reset condition until the first PI pulse occurs and since_ 
E is a "one", the A bistable will be reset by PI- E, P2' A 
will reset bistable B, etc. Figure 4 indicates that by 
"AND"-ing pairs of these outputs it is possible to have 
10 different states. "Stop" is defined as D-E. 

Figure 3 is the unijunction oscillator which generates PI 
and P2. In the quiescent state unijunction transistor 



23-1 



RM-6 




(UJT) Inhibit* PI and P2 by grounding the outputs of the 
slow NAND (SN-F). When a character is transmitted 
(input or output) UJT is removed; a reset pulse sets 
SN-F-10 so that PI is always first to occur. Zener 
diode Z4-1 provides an accurate dc voltage from which 
to adjust PI and P2. 

PI and P2 are obtained by using two timing capacitor 
circuits and a diode OR gate to the unijunction emitter 
(S2-2). The slow NAND flip-flop (SN-F) alternates 
which timing circuit is used. Each timing capacitor 
is coupled to a transistor, T5-3 and T5-4. When a 
timing circuit causes the UJT to fire, its correspond- 
ing transistor causes an output pulse to be generated, 
the flip-flop to change state, and the alternate pulse to 
be generated at the end of the next period. 
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FICURE 2. S-iTA.CE COUNTER CIRCUIT 



FIGURE 3. UNIJUNCTION OSCILLATOR CIRCUIT 

Figure 5 shows the relay driver circuits which control 
relay M9-1. The normally closed contacts are in series 
with the line signal to the Model 35 equipment. If the 
signal "K" is allowed to go more positive than the zener 
breakdown voltage of Z2-1, then transistor T5-6 will 
conduct and the relay will be picked up and the line con- 
tact will open. The return path for the emitter of T5-6 
is through slow NAND SN-H-5 to PSC. This slow NAND 
will conduct if T8-1 conducts, since T8-1 provides base 
current to SN-H-5. The input to T8-1 is signal "M" 
which implies output mode when it is * 26V. Therefore, 
only when "M" is + 2V (output mode) will. the relay driver 
circuit T5-6 be enabled. 

Signal "X" implies output mode when it is a +26V be- 
cause T8-1 is conducting. 



23-2 



Reset transistor T5-6 will be pulsed if either "X" or 
"U" goes positive. "U" will go to positive 26V during 
the input mode. At the beginning of a data transfer, a 
reset pulse is generated, and is used to reset the 5- 
stage counter. 

Relay M9-2 will conduct if signal "L" goes to zero volts. 
The normally open contact will close. This contact is 
used for turning the Model 35 motor on and off. 

Figure 6 shows some additional control and timing re- 
quired for the Model 35 equipment. In the quiescent 
state the 5-stage counter is stopped in the D- E state so 
that signal "N" is positive. This causes slow NAND 
SN-H-10 to conduct and UFT to be zero volts. This 
signal inhibits the unijunction oscillator as mentioned 
previously. 
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Signal "R" will be generated (zero volts) each time se- 
quencer step D- E occurs either in the input mode or the 
output mode. Transistor T5-1 is driven by unijunction 
transistor S2-1. This transistor has two timing cir- 
cuits associated with it; one for input (X) and one for 
input (Y). When D- E occurs the base circuit of S2-1 is 
allowed to go positive depending on which RC timing path 
is enabled. For the output mode the unijunction S2-1 
uses R28-1, M17-1, and C22-1; for the input mode it is 
R30 and C21-1. For output,_^'R" will conduct for 10O 
/jsec about 20 msec after D-E, while for input, this 
pulse occurs about 1. 5 msec after D- E. 
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FIGURE 4. INPUT OUTPUT SCAN SEQUENCE 



FIGURE 5. RELAY DRIVER CIRCUIT 



The output of SN-G-") is the output interrupt signal and 
this slow NAND circuit is enabled only in the output 
mode. i.e. , "X" is positive 26V. 

The register reset signal will go to zero volts if either 
signal "Q" or SN-G-10 goes positive. When this happens 
T5-5 will conduct and the SCR register on the 4T01 card 
will be reset. 



Refer to Figure 7 which indicates the timing of the con- 
trol circuitry during the output mode. "N" (D-E) is at 
a positive voltage in the quiescent state. When an out- 
put occurs, the sequencer is reset to step 9 and the UJT 
inhibit signal goes positive enabling the sequencer sig- 
nal "X" to go to 26V. When step 8 of sequencer occurs, 
unijunction oscillator is inhibited and SN-G-5 output 
goes to zero volts. This resets the "M" SCR; however, 



23-3 



"X" it ■till +26V, since SN-G-5 acta to hold in the "X" 
translator T8-1. Since "N" la permitted to go positive, 
the 20 msec time delay will be enabled, after which the 
100 jisec "R" signal will occur. Thia signal blocks 
SN-G-S, causing "X" (T8-1) to open. Since the slow 
NAND SN-G-S blocks, this positive transition causes 
the Interrupt to the I/O interface. Also while SN-G-5 
is conducting, this causes the Register Reset signal 
(T5-5). 

The Input mode is similar to the Output mode except that 
the selected RC network for S2-1 has a time constant of 
1. 5 msec; i.e., 1.5 msec after step 8 occurs, S2-1 will 
conduct, causing "R". "R" is now routed to the 2TN1 
card which results in an input interrupt to the I/O in- 
terface. When the input occurs Signal "Q" goes posi- 
tive and the SCR register is cleared and another "R" 
signal is generated. This reseta "Q" to zero volts. 
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FIGURE 6. CONTROL AND TIMING CIRCUIT 

Patsnllomatsr Aajittmtnl 

Equipment Required 

• 26V to 29V power supply. 

• Dual beam scope. 



• Connector setup - 2 Sylvania and 1 Eloo with 
plna made available. 

Adjustment of PI and P2 on TS Card 

1. Connect TS card to Elco and Sylvania con- 
nectors. 

2. Connect -V to pin LI on Sylvania. 

3. Connect + V to pin HI on Sylvania. 

4. Connect -V to pins 14 and 8 on Elco connector. 

5. Connect one channel of scope to Elco X23-(P1). 

6. Connect other channel to Elco X24-(P2). 

7. Display PI and P2 trace on scope. 

8. Adjust one of two adjacent pots to obtain P2 
occurring 9. 1 msec after PI. 

9. Sync scope on P2 and adjust other adjacent pot 
to obtain Pi occurring 9. 1 msec after P2, shown In "A" 
of Figure 8. 

10. Observe output of "F" NAND on TS card to be 
9. 1 msec square wave. 

11. Observe sequencer outputs "A" through "E" to 
be sure all NANDS are operating. 

12. Observe "Reset" and Elco pin X25. 
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FIGURE 7. OUTPUT MODE TIMING CHART 
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20 msec Delay (ramp) on TS Card 

1. Remove connection X8 to -V. 

2. Connect X13, X14, X26, and X34 to X18 (-V). 

3. Connect scope to junction of C22-1 and M17-1 
and trigger scope positive. 

4. Adjust lowest pot (M17-1) on TS card for 20 
msec ramp shown in "B" of Figure 8. 



FIGURE 8. POTENTIOMETER ADJUSTMENT T7M/NG CHART 
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FIGURE 9. 3TS1 ASSEMBLY (REF. DWG. 743A342. SUB U) 
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FIGURE 10. 3TS1 SCHEMATIC (REF. DWG. 74JA342, Sl/B 14) 



1WD4 - WORD DRIVER MODULE 



GENERAL DESCRIPTION 



CIRCUIT DESCRIPTION 



This modulo is used If) provide a Hi bit output to the 
I/O subsystem. Each bit of Lhe output is designated 
as a "word". The "word" outputs are used in the I/O 
subsystem lo form a selection matrix with the channel 
di'iver(s). An application block diagram is shown in 
figure 1. 
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FIGURE 1. APPLICATION BLOCK DIAGRAM 

CIRCUIT SPECIFICATIONS 

Input Requirements 

The half-select input (n) Mfl and Id (n) l/ifi require a 
minimum 1 1 V. 1 /is pulse. 

Output Capabilities 

The "word" output U'I)(n) provides a "one" tor a sel- 
ected "word" and a ' zero" for unseloeted words. 



Each "word" of the word driver circuit consists of an 
SCR with a /.oner diode threshold in the gate circuit 
and a two-winding gate trigger transformer. Each 
card contains Hi identical SCR circuits. 

Figure 2 shows the schematic diagram of a word SCR 
and associated circuitry. Dotted lines show the con- 
nection to the power supply switch. 
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FIGURE 2. WORD SCR SCHEMATIC 

Initially, the output transistor of the power supply 
switch is saturated so that if a positive pulse ap- 
pears between the gate and the cathode of the SCR 
(SI - 1 ) , the SCR can conduct, since it has sufficient 
latching current through resistor R22-1 (or R22- 1 
and R22-17 parallelled if used as a 10 V driver) and 
the power supply switch. 



\VI)(n) common is tied In the positive side of the logic 
pow e r supply. 

A current latching circuit is provided tor each "word" 
output which is normalh lied to PSC through the power 
supply switch. To reset the SCR circuits, this must 
be opened for a minimum of 150 (is. 

P^wer Requirements 



A particular word driver is selected when a pulse 
appears across the primary winding of transformer 
XI -1 (word hall-select lines (n) $66 and (n) $$ , which 
induces a voltage in the secondary winding and this 
triggers the SCR. 

The zener diode threshold prevents erroneous trig- 
gering of the SCR by noise in the half-select circuit. 



Logic levet "one" of • 10 or * 2(i V dc is required for 
ea I'd ope v-\ ion. 
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PREFACE 

This book is intended to serve a multiple purpose. It is designed as a guide for the person who 
is interested in learning details of the design, operation and maintenance of the Westinghouse 
PRODAC 50 Central Processor; and as a reference to specific points or questions which may 
arise from day to day in working with the P-50. 

The book represents the latest available information, as developed by design engineers and 
other professional personnel of the Westinghouse Computer Systems Division. And it is 
planned for subsequent modification and/or expansion, as experience grows with this first 
computing system designed especially for process control. But it is not — it cannot be -- so 
detailed that the user can expect to derive the fullest benefit from it by mere reading. Rather, 
it is aimed at the person who will use it as part of the text material for an intensive training 
course -- for example, the computer system maintenance man — which will include substan- 
tial classroom and laboratory work, with computers and other training aids. 

Such intensive training, conducted by professional Westinghouse computer instructors, natu- 
rally enriches and gives added meaning to the printed text. The computer maintenance man, 
following instruction that includes solving a variety of computer "malfunctions" thoughtfully 
planned by his instructor to test his new skill and knowledge, will find the book helpful for re- 
fresher study or review. 

(Such review, when the student is home again and responsible for the smooth operation of the 
P-50 is important for a reason that one might overlook: The P-50 is designed for great re- 
liability, and malfunctions can be expected rarely. The maintenance man, accordingly, could 
easily get "rusty" on details of computer construction and operation; how can a man keep "up" 
on maintenance procedures if he is not called upon for months on end, to concern himself with 
the computer's operation?) 

MAINTAINABILITY 

Because this book is likely to be used as a maintenance reference, an added word on the sub- 
ject of maintainability is appropriate here for the new computer student. Maintainability has 
been designed into the P-50 in several ways. Careful selection of components is an important 
factor. Another is wide-tolerance circuit design. A third is success in observing a statistical 
principle: the fewer the components, the less chance for malfunction. Also important, silicon 
semiconductors are used exclusively in this system, which makes it possible for the P-50 to 
tolerate the temperatures and humidity of just about any industrial environment in which men 
themselves can work. 

Kase of maintenance is a feature of the P-50. The circuit cards are large, easy to insert and 
to plug firmly into place, easy to remove; and the cards are widely separated, and cooled by 

forced ventilation. 

A given circuit card contains functionally related circuits, which simplifies trouble-shooting. 
As an example, one "bit" or binary digit of each register, data path and adder are on a single 
card. If trouble should develop in processing of data, you need to determine only which bit is 
in error in order to locate the defective circuit. You then simply replace that circuit card 

with a spare. 



The checking of "symptoms" is made easy by the fact that all flip-flops have indicators on the 
ends of their cards. 

These and other design features give the P-50 calculated availability of 99.9 per cent. 

FIELD SERVICE AND SUPPORT 

Through a good many decades, Westinghouse has earned a reputation for efficient, expert elec- 
tric field service. And the engineers of the Electric Service Division have enhanced this repu- 
tation with each new technological change, including atomic reactors, space vehicles, solar en- 
gines — and computers for process control. Throughout the U. S., depending on computer 
customers' needs and the terms of their orders or contracts, Westinghouse is prepared to 
supply complete field service for its computer systems — including installation, startup, 
checkout, and if necessary maintenance service. The last-named can be on an on-call basis, 
or part-time, or full-time. 

Westinghouse computer training includes general orientation and review of process control 
computer systems; programming, and maintenance. 



GENERAL DESCRIPTION - CENTRAL PROCESSOR 

The P-50 central processor consists, functionally speaking, of a control section, an 
arithmetic section, an input-output (I/O) section, and a core memory section. 

It is impossible, however, to identify any one group of logic circuits as comprising one 
of these sections; a logical portion of one section may also function as parts of other 
sections. The Z register is an example: It serves as the input-output register for the 
memory section, one of the inputs to the arithmetic section, and as the input register 
for the I/O section. 

The four sections work together to execute the basic instructions. An understanding of 
the operation of each section gives one an adequate idea of how the central processor 
works, and serves as the basis for going on to learn the detailed operation of the P-50 
central processor. 

Central Processor Characteristics - The P-50 employs a core memory with a capacity 
>>i 4K (4096 "words") that is expandable through addition of 4K modules, up to 16K. The 
vord size is 14 "bits" (binary digits). Cycle time is 4. 5 microseconds. 

The arithmetic used is fixed-point parallel binary, one's complement, negative number. 
\dd time (single word length) is 4 cycles, or 18 microseconds; for indirect addressing, 
~) cycles or 22.3 microseconds. 

There are 25 one-word, single-address instructions in the basic repertoire, all either 
directly or indirectly addressable. 

The system provides 64 levels of interrupts, with a minimum of 16 lines and increases 
in 16-line modules. 

Clock rate is 3.3 megahertz. 

The first step in learning any specific computer system is to become thoroughly famil- 
ar with the block diagram and its information flow. Before learning the information 

ilow one must know the individual parts which make up the block diagram. Refer to the 

computer block diagram (Figure 1-17). 

./ORE MEMORY 



Ii should be realized that when the core memory is cycled that a fourteen bit word is 
presented, in parallel, to the input gates of the Z register where it may or may not be 
placed. At this time in the core cycle the contents of the selected address of memory 
has been cleared to zero. The output of the adder is then written into this memory 
location. The specified core memory address may be gotten in one of three ways. If 
a Select S signal is received, the address will be specified by the fourteen bit word in 
the S register. If a Select P is received the address will be gotten from the wired in 
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address circuitry and will be address 00000 octal. If a Select A is received the address 
will be gotten from the wired in address circuitry and will be address 00101 octal. 

HALF SELECTS 

The half select (HS) circuitry is used to translate the address into the X and Y drive 
paths for the core memory. This circuitry will translate the fourteen bit address 
word in the S register, or the wired in address for the P or A register as determined 
by the select. 

REGISTERS (General) 

So far the term register has been thrown around without adequate definition. Well no 
attempt will be made at this time to do so either, but some reassurance that one is 
coming will now be given. Registers will be more fully defined and their operation ex- 
plained shortly. For now it must be realized that a register is a storage device which 
has been given a special task as described below. 

REGISTERS 

The P-50 uses registers both internal and external to core memory (see block diagram 
Figure 1-17). 

The internal registers include: 

Accumulator or "A" Register 

A 14-bit accumulator for the arithmetic unit which stores the results of arithmetic and 
logical operations. 

Program Counter or "P" Register 

A 14-bit register which contains the address of the instruction currently being per- 
formed. It is incremented — that is, increased by one — at the beginning of execution 
of each instruction. 

The external (and visually indicated) registers are: 

Address Register or "S" Register 

A 14-bit storage location which serves as the embarkation or starting point into the 
half-select addressing system for all variable addressing, for core memory, process 
locations, and I/O devices. 

Addend Register ("Z" Register) 

A 14-bit register most frequently used to receive the output of core memory. By way 
of sense amplifiers, the "Z" register receives all the words read out of core. In com- 
bination with the "X" register, the "Z" register generates an input to the adder, and 
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subsequently to any location designated in core memory. The "Z" register also relays 
the function code and the mode bit (indicating indirect addressing) to the Function ("F") 
register. In addition, the M Z" register relays to the "S" register, via the adder, the 
least significant 8 bits of the instruction, which serve as the operand address. Finally, 
the "Z" register handles all inputs to the central processor. 

Augend or "X" Register 

This 14-bit register participates in shifting activities as well as handling the comple- 
menting instruction. In conjunction with "Z", the "X" register produces input to the 
adder, such as advancing "P", decrementing a core location or permitting a transfer 
unchanged. Also it handles all outputs from the central processor. 

Function or "F" Register 

This is a 6-bit register which receives its information from the "Z" register. Bit 
positions 9 through 13 in "F" (which are positions 9 through 13 of the instruction) com- 
prise the function code, signalling which of the 25 P-50 instructions is to be performed. 
Bit 8 is the mode tag, indicating block (direct) or indirect mode. 

Designator Register 

This is a series of 5 flip-flops provided to store the results of the examination of the 
last word that has been written into memory. The designator examines each memory 
operation for: 

Zero or not 

Positive or negative 

Odd or even (for both positive or negative) 

End-around carry (which can occur in any addition or subtraction) 

Overflow 

Generally, all instructions except those used to test the designators will cause these 
5 flip-flops to be set appropriately. Testing, by means of the designator jump instruc- 
tions, may be done immediately after any such operation, at the programmer's option. 

* * * 

Since the "X", "Z", "S" and "F" registers function only during execution of an instruc- 
tion, and hold no information between times, their contents may be destroyed between 
instructions without effect on computation. All information that must be retained be- 
tween instructions is stored in core memory (that is, in the "A" or "P" registers), 
with the exception of the designators. Load and Store Designator instructions, called 
by an interrupt caused by power loss, provide means for bringing designator content 
into core memory also. Thus power loss or planned shutdowns do not cause a loss of 
information or computing sequence. 
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CONTROL SECTION 

Referencing Figure 1-17, it can be seen that several transfer paths exist between the 
various registers. Even though it is not shown on the diagram, all of these transfer 
paths cannot be enabled at the same time . The transfers should be done only at the 
proper time and in the proper order. This timing and sequencing of the various com- 
mands is the responsibility of the control section. 

The control section of the central processor consists of five logic blocks; these are the 
master clock, cycle counter, the sequencer, the function translator, and the command 
enables (see Figure 1-18). 

The master clock is a tapped LC delay line with a total of six taps which are labeled LO, 
LI, L2, L3, L4, and L5. These are the main timing of the central processor and govern 
its operational speed. One pass down the master timing LO through L5 is considered one 
cycle. 

The cycle counter is a two flip-flop counter which determines which of the master clock 
cycles is being performed. These cycles are labeled 0, 1, and 2. A group of the three 
cycles is considered a sequence. 

The sequencer consists of two ranks of three flip-flops each. One rank is called the HA 
or half advance rank and the other rank is called the SA or sequence advance rank. The 
sequencer tells the central processor which sequence it is performing at the current 
time and which sequence will be performed next. One must be very careful in that the 
three flip-flop rank does not contain a binary representation of the sequence. The se- 
quences are labeled one through seven and are represented by Roman numerals. 

Sequence I is a one and one half micro second scan sequence. This sequence is used to 
scan the 64 interrupt words. Sequences II through VII are four and one half micro sec- 
onds each. Sequence II is used to update the contents of the P register by one and trans- 
fer the updated contents to the S register. Sequence HI will call up the instruction and 
transfer the function code and mode bit to the function register and replace bits 0-7 of 
the S register with bits 0-7 of the instruction. Sequence IV is the indirect sequence; it 
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will transfer the contents of the memory address specified by the S register into the S 
register. Sequences V and VI are the arithmetic sequences. They are used to call 
up the contents of the A register or the operand address, and restore information into 
the A register or the operand address. Sequence VII is the jump sequence. This se- 
quence is used to transfer, what would normally be the operand address, into the P 
register. 

The function translator is a group of logic circuits which translates the output of the 
function register and tells the central processor what instruction it is to perform. 

The command enables circuit is a group of logics which looks at the output of the master 
clock, the cycle counter, the sequencer, and the function translator to determine which 
individual command or group of commands is to be done at that particular instant. 

ARITHMETIC SECTION 

The arithmetic section of the central processor consists of one logic circuit called the 
adder and three registers. Two of these registers are the Z register and the X reg- 
ister. These two registers are the two inputs to the adder. The third register in the 
arithmetic section is the accumulator register (A register), Which is located in core 
memory at address 00101 octal. The arithmetic section does the performance of the 
arithmetic and logic functions of an instruction. This section is also used for many of 
the housekeeping type operations like the updating of the P register, and the transfer- 
ring of information to various registers. 

INPUT OUTPUT SECTION 

The input output section of the central processor contains many logic circuits. One of 
these circuits is the translating circuit for the address contained in the S register. This 
translating circuit is shared with the memory section. This section also contains the 
circuits for driving a particular channel and a particular word on that channel. The in- 
put output section also contains the circuitry for the interrogating of the 64 interrupt 
word addresses. The input output section receives its address information from the S 
register, its output data information from the X register and sends its input information 
to the Z register. This section is the interface between the arithmetic and control sec- 
tion of the central processor and the process itself. 
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CORE MEMORY BASIC DESCRIPTION 

The core memory section of the central processor consists of the core memory section 
itself, the input output register for this core memory called the Z register, and the 
core memory address register called the S register. It can be seen that everything 
centers around the core memory itself, and in order to understand this section's oper- 
ation, the basic theory of core storage should be understood. 

The storage medium for the core memory is the ferrite core. The core is a small 
torride of a ferrite material, which exhibits what are called square loop properties. 
The diameter of this core is about . 05 inches (see Figures 1-3 and 1-4). Because of 
the rectangular shape of the square loop, the core is binary in nature. That is, it has 
two stable states of flux saturation; one state is a one (point d on the loop) and the other 
state is a zero (point a on the loop). The core can be saturated to either of these stable 
states by a magnetic force. The magnetic force is derived from current passing through 
the drive wires which are threaded through the core. When the core is saturated to the 
zero or the one state flux density is maximum. When the magnetizing current is re- 
moved from the drive windings the core will remain in this magnetic state. 

The core memory is a coincident current, random access core memory. In this type 
of a core memory, magnetizing current required to flip a core from the zero state to 
the one state or from the one state to the zero state is supplied by two drive windings 
passing through the core. Each drive winding carries half enough current to flip the 
core from one state to the other. If one winding is turned on and the other winding is 
turned off the resultant current is only half enough to flip the core, therefore the core 
remains in the original state. If both windings are turned on and the current is in a 
direction which will flip the core, the resultant current is two half drives or a full drive, 
which is sufficient to flip the core to the other state. 

Using this knowledge of the operation of a core memory let us proceed to build a work- 
able core memory section. If we arrange 16 individual cores, in a manner shown in 
Figure 1-5, we have what is called a core plane. The drive windings mentioned above 
are placed through the cores in the manner shown. It can be seen that a drive winding 
for each core passes through three other cores along the same line. One of the half 
drive windings going through a line of cores is labeled X and the other is labeled Y. If 
we select any one X line and drive one half enough current through it and select any one 
Y line and drive one half enough current through it, it can then be seen that all cores 
a ong each line will receive one half enough current to flip those cores. At the point 
where the two lines intersect there is a core which receives one half enough current 
from the X line and one half enough current from the Y line. Therefore, this is the 
oily core in the plane to receive two half currents, or a full current. This core is 
slid to have been selected and will flip. 

Let us assume that this selected core was in the zero state. If we put a current through 
tie drive lines in the read direction (the read direction being defined as the direction re- 
quired to flip the core to the zero state), it can be seen that since the core was already 
in the zero state it could not flip. If this core had been in the one state originally, then 
it would have flipped. When this core flipped, it created a large change in a magnetic 
flux around the core. 
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A third winding through the core plane is called a sense winding. This winding passes 
through every core in the core plane, therefore, the core which flips will induce a volt- 
age onto this sense winding. 

If no voltage is induced when we read the core, we assume the core was in the zero 
state. If a voltage appears on the sense winding when we read the core it is assumed 
the core was in the one state. The fact of voltage or no voltage on the sense wire is 
remembered by the Z register. As this type of reading of core memory leaves the 
core in the zero state it is called destructive readout. The core is now in the zero 
state and the Z register remembers the original state. We then must write the infor- 
mation back into the core. This is done by reversing the direction of current in the X 
and Y drive lines. This attempts to flip the core back to the one state. It can be seen 
now we have a problem. If the core was originally in the one state, it will flip back to 
the one state, but if the core was originally in the zero state we must stop it from going 
to the one state. The method chosen to do this is to add an additional winding called an 
inhibit winding. This winding is placed through all cores of a core plane so that a cur- 
rent passing through it will be in the opposite direction to the write current. This will 
be a one half current. If we turn on the inhibit winding and both of the write windings 
at the same time, the inhibit winding will cancel the effect of one of the write windings. 
There will, therefore, be a resultant of only one half current which will leave the se- 
lected core in the zero state. It may now be seen that the inhibit winding will be con- 
trolled by the Z register. That is, if a one is detected in the Z register the inhibit 
winding will not be turned on, but if a zero is detected in the Z register the inhibit cur- 
rent will be turned on to cancel or inhibit the writing of a one in the core. 

\\ i now have the ability to address a one bit core memory. If we use the same principle 
and stack several of these core planes one on top of the other (Figure 1-6), we can make 
a core memory of as many bits as we choose. If we desire a three bit word length com- 
puter we would stack three of these core planes, if we desire a six bit core memory we 
would stack six of these planes. The number of planes stacked would be governed by 
thr word length of the computer. In Figure 1-6 three core planes are shown one on top 
of i he other. It can be seen in this figure that the X lines and Y lines pass through one 
lino of cores in each core plane. The sense and inhibit lines in this figure are not 
sh>wn, but they would be restricted to their own core plane. Thus, if we select one 
X line and one Y line, it can be seen that we will pick one bit in each core plane. We 
can read the information from the top core plane and send it to the 2^ position of the Z 
register. The information from the next core plane down would be sent to the 2* posi- 
tion and the next core plane to the 2^ position and so forth. The inhibit winding for the 
top plane would get its information from the 2^ position of the adder*, the next one 
down the 2 1 position, and so forth. When we drive a particular X and Y line, we will 
gate the entire word in parallel into the Z register, then on the write cycle (not to be 
co ifused with clock cycle) we will turn on the inhibit lines for each bit plane correspond- 
in! to zeros at the output of the adder. 



*The P-50 uses the output of the adder instead of Z to determine inhibits. 
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Let us look at a typical read-write cycle. A typical read-write cycle would be to se- 
lect a particular X and Y line (address select) determined by the translation of the S 
register. We gate the information from the selected core memory address into the Z 
register. If we decide to restore the information into the core unchanged, we leave the 
other input to the adder (the X register) set the zeros. Then we take the output of the 
adder which would be Z+0, or just Z, and transmit this via the inhibit lines back into 
the core memory. If we should desire to write new information into core, we select 
an X and Y line, read the core memory, inhibit the reading of the information into the 
Z register, place new information into the X register, and transmit the output of the 
adder, which would then be X+0, or new information plus zero, into the core memory. 
It can be seen that the difference between a read and a write cycle is what we do with 
the X and the Z registers. As far as the core memory itself is concerned, there is no 
difference. 

The PRODAC 50 uses 64 X lines, 64 Y lines and 14 bit planes in its core memory, but 
the basic principle is still the same. 
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Figure 1-10. 

oome locations in core have special significance. Location 00000 is used as the Program 
Counter and is directly accessible via the half-selects by the SEL P signal. Location O01O1 is 
used as the Accumulator and is accessible by the SEL A signal. At all other times SEL S is 
used as the timing signal which gates the S register contents to the Half-Select Decode. 
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ADDRESSING 

Hall-Selects 

The inputs to the half-select switches are the lower 12 bits of the S register and the SEL S 
signal, or the SEL P, or SEL A signals. The function of the half-select switches is to route 
current through the core stacks, the Interrupt buffer cores, or the I/O subsystem. The pulse 
energy is derived from the X Read, X Write, Y Read or Y Write pulsers associated with the 
selected stacks. (In the case of Interrupt scan selection or I/O subsystem selection, separate 
pulsers are used). The means whereby the half-select decode operates is the simultaneous 
selection of a subrow and subcolumn half-select switch. The subrow switch completes the 
path to the positive supply from the pulser through a half-select transformer. The three X 
(or Y) subrow bits are the lowest three bits of the X (or Y) part of the address. These bits 
are decoded to select one of eight X (or Y) half-select transformers. The remaining three X 
(or Y) bits are associated with the eight subcolumn half-select switches. The eight subcolumn 
half-select switches connect up to eight loads on any of the eight half-select transformer sec- 
ondaries. Thus by way of the three subrow bits and three subcolumn bits up to 64 paths can be 
selected. In the case of the core stack the 64 paths are the 64 half-select lines for X or Y. 

The IIS card contains four subrow half-select switches and four subcolumn half-select switches. 
1 our MS cards are used in the mam frame to provide eight subrow switches for X and eight for 
Y. and eight subcolumn switches for X and eight for Y. 

Diode Hoards 

In order to route currents through the selected half-select lines, parallel unselected paths 
must be blocked by blocking diodes. Each path needs two blocking diodes. This is because 
paths must be blocked for the two directions of current flow corresponding to Read and Write. 
This means that the 64 X half-select lines and 64 Y half-select lines require 256 diodes. These 
diodes are mounted on two diode boards, the MA and MB, which are attached to either side of a 
stack. Also mounted on the two diode boards are the 16 half-select transformers and damping 
resistors associated with the stack. 

Pulsers 

The Read, Write, and Inhibit pulsers are associated with a 4096-word stack. The same circuit 
is used for each of these current pulsers with six circuits located on each CP card. This high- 
power current pulse source is intended to produce stable currents even when operated from an 
un regulated supply. Potentiometers for adjusting currents through a 300 milliampere to a 400 
nullianipere range are provided. The rise times of the current pulses are controlled to give 
a o.'.i microsecond 10'/c to 90% rise. The fall is not controlled but drops at nearly the same 
rate. 

The pulsers are the means by which a particular stack is selected. Addressing is a continuing 
procedure involving the half-select switches, but only that stack will be energized, and there- 
lore selected, whose pulsers are selected. The Stack Select signal is derived from the Inhibit 
P addle cards where NAXDs decode the upper two bits of the S Register. 

Inhibit Paddle Card 

Tlv IP Inhibit Paddle Card contains damping resistors for the Inhibit lines. Also on this card 
are two NANDs which are used to decode the upper two bits of the S register and generate 
Stack Select signals for the various stacks. 
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DATA CIRCUITS 

Sense Amplifier 

An SA Sense Amplifier is associated with each core stack. There are 14 amplifiers on a card 
corresponding to the 14 sense line pairs. The line itself is terminated in 100 ohms. The am- 
plifier is a balanced differential type with a normal mode gain of about 60 to 5 mc and a com- 
mon mode rejection at 1 mc of 60 db. Since response voltage signals can be of either polarity, 
an output transformer and rectifiers are used to created unipolar signals at a new voltage level 
on the output of each amplifier. The outputs of amplifiers from up to four stacks are paralleled 
and tied to the bit card where the threshold detector and strobe circuits are located. 

Inhibit 

The Inhibit pulsers are located on the C_P card. Fourteen pulsers are used per core stack. 
The outputs of the Adder gated by the W timing signal are always feeding the data inputs of all 
the Inhibit pulsers. Only the Inhibit pulsers which are selected by the Stack Select signal will 
drive Inhibit lines to determine whether a zero or one is restored to a core location. 

TIMING CHART 

The important signals associated with the Core Memory Subsystem are the Select, Read, Strobe, 
Write, and Inhibit timing signals. Another time is the gap between Strobe and Write which is 
allotted to Adder propagation time. The signals for a core sequence are shown in Figure 1-11. 
All signals are determined by fixed timing taps except Strobe, which can be adjusted over a 
range of five selectable 50-nanosecond taps. Select P and Select A are not shown but have the 
same extension as the Select S signal. 
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Figure 1-11. Core Memory Subsystem Timing Chart 
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REPERTOIRE OF INSTRUCTIONS 



COMMAND STRUCTURE 

All P-50 instructions may be either directly or indirectly addressed. The bit configuration 
for each address mode is as follows: 



Instruction, Direct Address Mode 



13 12 11 10 9 


8 


76543210 


Function 
Code 





Relative 
Address 



Bit 



Content 



In the direct address mode, the 14-bit operand address required to reference a memory cell 
is generated by the six most significant bits of the program address register and the low-order 
eight bits of the instruction (the relative address). This imposes the requirement that all in- 
structions which are directly addressed have their operand in the same block of 256 words in 

which the instruction is located. 

Instruction, Indi rect Address Mode 

Bit 
Content 



13 12 11 10 9 


8 


76543210 


Function 
Code 


1 


Relative 
Address 



Address Defined by P Register and Relative Address 

Bit 



13 12 11 10 9 8 7 6 5 4 3 2 1 



Operand Address 



Content 



In the indirect address mode, the operand address is defined by the contents of the location 
specified by the six most significant bits of the P Register and the low-order eight bits of the 
instruction (the relative address). 

Input/Output instructions vary slightly from this pattern. 

Input /Output Instruction, Direct Address Mode 

Bit 
Content 

In the direct address mode, used primarily for input, the low-order six bits of the instruction 
designate the I/O channel. 



13 12 11 10 9 


8 


7 6 


5 4 3 2 10 


Function 
Code 





Not 
Used 


Channel 
Number 
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Input /Output I nstruction, Indirect A ddress Mode 

Bit 
Content 



13 12 11 10 9 


8 


76543210 


Function 
Code 


1 


Relative 
Address 



13 12 


11 10 9 8 7 6 


5 4 3 2 10 


Not 
Used 


Word 
Select 


Channel 
Number 



Address Defined by P Register and Relation Address 

Bit 
Content 



In the indirect address mode, used mainly for output, the six most significant bits of the pro- 
gram address register and the low-order eight bits of the instruction specify the location of 
the I/O data word. The I/O data word contains the channel number in the low-order six bits 
(5-0) and the word number relative to the channel in bits 11-6. 

TIMING 

The execution of an instruction in the indirect mode occupies 4.5 microseconds more than when 
the instruction is executed in the direct mode. 



DESCRIPTION OF OPERATION 



INST. 



A + (Y) 
A - (Y) 



■* A 
-*- A 



(Y) A 

A (Y) 

A © (Y) A 

L (A)(Y) -A 

(Y) Rl MY) 

(Y) LI (Y) 

(Y) - 1 (Y) 

SET (Y)i3 
CLR (Y)u, 
(Y 4 _o) DES 

DES ^(Y 4 _ ) 

I/O A 

* I/O 

Y P 

Y -P 

Y -P 



MNE 



CODE 



ADD 




10 


SUB 




11 


ENL 




32 
33 


STL 




37 


EOR 




13 


AND 




12 


RSH 




16 

17 


LSH 




14 
15 


DCR 




01 


SMB 




03 


CMB 




02 


EDR 




05 


SDR 




06 
07 


INT 




30 
31 


OUT 




34 
35 


JMP 




24 


SLJ 




22 


CLJ 




23 



DES 


REMARKS 


SET 


ADD 


SET 


SUBTRACT 


SET 


LOAD A 


SET 


STORE A 


SET 


SEL. COMPL. 


SET 


LOGICAL PRODUCT OF (A) & (Y) 


SET 


END off - SIGN EXT- 


SET 


END - AROUND 


SET 


DECREMENT 


SET 


SET MOST SIG. BIT 


SET 


CLR MOST SIG. BIT 




LOAD DESIGNATORS 


K 


STORE DESIGNATORS 


SET 


INPUT 


SET 


OUTPUT 


K 


JUMP 


K 


SET LOCKOUT 


K 


CLR LOCKOUT 
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INST. 



MNE 



CODE 



DES 



REMARKS 



Y -P 

if DESIG SET 
Y -P 

if POS DESIG SET 
Y -P 

if EVEN DESIG SET 
Y -P 

if EAC DES SET 
Y -P 

if OVERFL DES SET 
(P) Y, Y -P 

STOP 



REPERTOIRE OF INSTRUCTIONS 

Mnemonic Code 
Octal Code 



ZJP 




20 


PJP 




27 


EJP 




21 


CJP 




25 


OJP 




26 


RJP 




36 


STP 




00 
04 



K 
K 

K 

K 

K 
K 

K 



JUMP ON ZERO 

JUMP ON POS. 

JUMP ON EVEN 

JUMP ON END AROUND CARR* 

JUMP ON OVERFLOW 
RETURN JUMP 

STOP 



Description 



STP 
00,04 



DCR 
01 



CMB 
02 



SMB 
03 



STOP 

Execution time: 9 microseconds 2 

The computer comes to a stop with the contents of bits 13-8 of the P Register in 
bits 13-8 of the S Register and the contents of bits 7-0 of the stop instruction in 
bits 7-0 of the S Register. The mode bit is disregarded and the designators are 
unchanged. 

DECREMENT 

Execution time: 13.5 microseconds „ 

A negative one is added to the operand. The appropriate designators are set if an 
overflow, end-around carry, zero, positive number, and/or even number results; 
otherwise, all the designators are cleared except the overflow designator. 

CLEAR MOST SIGNIFICANT BIT 

Execution time: 13.5 microseconds "-, 

The sign bit (bit 13) of the operand is cleared to zero and the positive designator 
is set. The zero and even designators are set or cleared depending on the resultant 
contents of the operand. The end-around carry designator is cleared, and the over- 
flow designator is unchanged. 

SET MOST SIGNIFICANT BIT 



Execution ume: 



The sign bit (bit 13) of the operand is set to one. The even and zero designators 
are set or cleared depending on the resultant contents of the operand. The positive 
and end-around carry designators are cleared, and the overflow designator is un- 
changed. 
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EDR ENTER DESIGNATORS 

05 

<k Execution time: 13.5 microseconds 

Bits 0-4 of the operand replace the contents of the five designators in the follow- 
ing manner: 

Bit 4 *■ Even designator 

Bit 3 •> Zero designator 

Bit 2 *■ Positive designator 

Bit 1 •* Overflow designator 

Bit *• End-around carry designator 

Only this instruction can clear the overflow designator once it has been set. 

SDR STORE DESIGNATORS 

06,07 

\ Execution time: 13.5 microseconds 

The five designators are stored in bits 0-4 of the operand. The designators are 
not changed as a result of this instruction. The storage is as follows: 

Even designator *■ Bit 4 

Zero designator ■* Bit 3 

Positive designator *■ Bit 2 

Overflow designator "'Bit 1 

End-around carry designator --Bit 

(Y)5_i3 are cleared to zero 

ADD ADD ACCUMULATOR 

10 H 

Execution time: 18.0 microseconds 

The operand is added to the contents of the accumulator and the result is left in 
the accumulator. The result is positive zero only if the initial contents of the ac- 
cumulator and of the operand were both positive zero. The even, zero, positive, 
and end-around carry designators are set or cleared by the execution of this in- 
struction. The overflow designator will be set if an overflow occurs; otherwise 
it is unchanged. 

SUB SUBTRACT ACCUMULATOR 

ii n 

Execution time: 18.0 microseconds 

The operand is complemented and added to the contents of the accumulator (a sub- 
traction, in effect); the result is left in the accumulator. The difference is posi- 
tive zero only if the initial contents of the accumulator were positive zero and the 
operand was negative zero. The even, zero, positive, and end-around carry des- 
ignators are set or cleared by the execution of this instruction. The overflow des- 
ignator will be set if an overflow occurs; otherwise, it is unchanged. 
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AND LOGICAL AND 

12 



^ 



H 



1 



Execution time: 18.0 microseconds 

For any bit position of the operand which contains a zero, the corresponding bit 
position of the accumulator is unconditionally set to zero; all other bit positions 
of the accumulator remain undisturbed. The effect of this instruction is to com- 
pute the bit-by-bit or logical product of the contents of the accumulator and the 
operand, leaving the result in the accumulator. The even, zero, and positive des- 
ignators are set or cleared depending on the result in the accumulator. The end- 
around carry designator is set; the overflow designator is unchanged. 



Example: 



(Accumulator) (Operand) 



Initially: 01011 00101 

After execution of AND instruction: 00001 00101 

(Positive designator is set to one; 
even and zero designators are cleared 
to zero, and the EAC is set to one.) 

EOR EXCLUSIVE OR 

13 

Execution time: 18.0 microseconds 

For any bit position of the operand which contains a one, the corresponding bit of 
the accumulator is complemented; all other bit positions of the accumulator re- 
main undisturbed. The even, zero, and positive designators are set or cleared 
depending on the result in the accumulator. The end-around carry designator is 
cleared, and the overflow designator is unchanged. 

Example: 

(Accumulator) (Operand) 

Initially: 01011 00101 

After execution of EOR instruction: OHIO 00101 

(Even and positive designators are set 
to one; end-around carry and zero 
designators are cleared to zero.) 



LSH LEFT SHIFT 

14,15 

Execution time: 18.0 microseconds 

Shift the operand to the left one bit position; the high-order bit replaces the low- 
order bit of the operand. The even, zero, end-around carry, and positive desig- 
nators are set or cleared depending on the result. The overflow designator is set 
if the sign of the operand changed as a result of the left shift; otherwise it is un- 
changed. 

to ■:;••: 

For example, the operand = 24505. After LSH, the operand = 11213 with the pos- 
itive, end-around carry, and overflow designators set to one, all other designators 
cleared to zero. 
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RSH RIGHT SHIFT 

16.1" 

Execution time: 18.0 microseconds 



1 



Shift the operand to the right one bit position; the high-order bit is replaced by 
the original bit. Note that this is an end-off shift and that the low-order bit enters 
the end-around carry designator. The zero, even, and positive designators are 
set or cleared depending on the result. The overflow designator is unchanged. 

10 V- i 

For example, the operand = 24505. After RSH, the operand = 32242 with end- 
around carry designator set to one, the positive, zero, and even designators 
cleared to zero. 

ZJP "ZERO JUMP 

20 3 

Execution time: 13.5 microseconds if jump, 9.0 microseconds if no jump. 

If the zero designator is set, transfer the operand address to the P Register. 
Otherwise, take the next instruction. Note that the zero designator will be set by 
negative zero (all ones) or by positive zero (all zeros). The designators are not 
changed as a result of this instruction. Interrupt is inhibited immediately follow- 
ing the execution of this instruction. 

EJP *EVEN JUMP 

2i y ~ ~ ' 

Execution time: 13.5 microseconds if jump, 9.0 microseconds if no jump. 

If the even designator is set, transfer the operand address to the P Register. 
Otherwise, take the next instruction. Note that the even designator is set when- 
ever bit 13 and bit of a referenced location are equal. The designators are not 
changed as a result of this instruction. Interrupt is inhibited immediately follow- 
ing the execution of this instruction. 

SLJ *SET LOCKOUT AND JUMP 

22 'b ~ ~ 

Execution time: 13.5 microseconds 

Lock out all interrupts and transfer the operand address to the P Register. The 
designators are not changed as a result of this instruction. 

CLJ *CLEAR LOCKOUT AND JUMP 

23 *h 

Execution time: 13.5 microseconds 

Remove the interrupt lockout and transfer the operand address to the P Register. 
The designators are not changed as a result of this instruction. Interrupt is in- 
hibited immediately following execution of this instruction. 



♦Note that when an operand address is transferred to the P Register, the instruction at location 
operand address plus one is the next instruction to be executed. 
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JMP *JUMP ■> 

24 } 

Execution time: 13.5 microseconds 

Unconditionally transfer the operand address to the P Register. The designators 
are not changed as a result of this instruction. Interrupt is inhibited immediately 
following the execution of this instruction. 

CJP *END-AROUND CARRY JUMP •> 

25 

Execution time: 13.5 microseconds if jump, 9.0 microseconds if no jump. 

If the end-around carry designator is set, transfer the operand address to the P 
Register. Otherwise, take the next instruction. The designators are not changed 
as a result of this instruction. Interrupt is inhibited immediately following the 
execution of this instruction. 

OJP *OVERFLOW JUMP Z 

26 

Execution time: 13.5 microseconds if jump, 9.0 microseconds if no jump. 

If the overflow designator is set, transfer the operand address to the P Register. 
Otherwise, take the next instruction. The designators are not changed as a result 
of this instruction. Interrupt is inhibited immediately following the execution of 
this instruction. 

PJP * POSITIVE JUMP 

27 3 

Execution time: 13.5 microseconds if jump, 9.0 microseconds if no jump. 

If the positive designator is set, transfer the operand address to the P Register. 
Otherwise, take the next instruction. The designators are not changed as a result 
of this instruction. Interrupt is inhibited immediately following the execution of 
this instruction. 

INT INPUT TO COMPUTER 

30,31 y 

Execution time: 18.0 microseconds 

In the direct mode, data on the input channel specified by bits 0-5 of the instruction 
are input into the accumulator. In the indirect mode, bits 0-5 of the I/O data word 
select the input channel and bits 6-11 the word address. The indirect mode should 
be used with utmost caution; otherwise, conflict with other peripheral devices may 
occur. The designators are set, cleared, or unchanged as in the ENL instruction. 

ENL ENTER ACCUMULATOR 

32,33 V 

Execution time: 18.0 microseconds 

Clear the accumulator, then transmit the operand to the accumulator. The even, 
zero, and positive designators are set or cleared depending on the resultant con- 
tents of the accumulator. The end-around carry designator is cleared to zero, 
and the overflow designator is unchanged. 



♦Note that when an operand address is transferred to the P Register, the instruction at loca- 
tion operand address plus one is the next instruction to be executed. 
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OUT OUTPUT FROM COMPUTER 

34,35 

/( Execution time: 18.0 microseconds 

If indirectly addressed, the contents of the accumulator are output on the channel 
selected by bits 0-5 of the I/O data word and the word selected by bits 6-11. In 
the direct mode, the contents of the accumulator are output on the channel selected 
by bits 0-5 of the instruction. The designators are set, cleared, or unchanged as 
in the STL instruction. 

RJP *RETURN JUMP 

36 / 

Execution time: 22.5 microseconds 

Store the contents of the P Register in the operand; transfer the operand address 
to the P Register. The designators are not changed as a result of this instruction. 
Interrupt is inhibited immediately following the execution of this instruction. 

STL STORE ACCUMULATOR 

37 \H 

Execution time: 18.0 microseconds 

Store the contents of the accumulator in the operand. The even, zero, and positive 
designators are set or cleared, depending on the contents of the accumulator. The 
end-around carry designator is cleared to zero, and the overflow designator is 
unchanged. 

( 
THE DESIGNATORS 

Even Designator 

The even designator is affected (set or cleared) by the execution of the following instructions: 
DCR, CMB, SMB. EDR, ADD, SUB, AND, EOR, LSH, RSH, INT, ENL, OUT, STL. 

When the even designator is set by the execution of an instruction other than EDR, it implies 
that bits and 13 of the result of the instruction are both zero or both one. 

Zero Designator 

The zero designator is affected (set or cleared) by the execution of the following instructions: 
DCR, CMB, SMB. EDR, ADD, SUB, AND, EOR, LSH, RSH, INT, ENL, OUT, STL. 

When the zero designator is set by the execution of an instruction other than EDR, it implies 
that the result of the instruction is 00000 or 37777. 

Positive Designator 

The positive designator is affected (set or cleared) by the execution of the following instructions: 
D'K, EDR, ADD, SUB, AND, EOR, LSH, RSH, INT, ENL, OUT, STL. The positive designator 
is always set by the execution of the CMB instruction, always cleared by the execution of the 

SMB instruction. 

When the positive designator is set by the execution of an instruction other than EDR, it implies 
that bit 13 of the result of the instruction is zero. 



♦Note that when an operand address is transferred to the P Register, the instruction at location 
operand address plus one is the next instruction to be executed. 
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End-Around Carry Designator 

The end-around carry designator is affected (set or cleared) by the execution of the following 
instructions: DCR, EDR, ADD, SUB, LSH, RSH. The end-around carry designator is always 
cleared when CMB, SMB, EOR, INT, ENL, OUT, and STL instructions are executed. EAC is 
always set with execution of AND. 

When the end-around carry designator is set by the execution of a DCR, ADD, SUB or LSH in- 
struction, it implies that an end-around carry has occurred. When the end-around carry des- 
ignator is set by the execution of a RSH instruction, it means that the low-order bit of the op- 
erand which is shifted off is a one. 

Overflow Designator 

The overflow designator is set whenever two positive numbers are summed and the result is 
negative, or two negative numbers are summed and the result is positive. The overflow des- 
ignator can be set by the execution of the following instructions: DCR, ADD, SUB, LSH. The 
EDR instruction only can be used to clear the overflow designator. 

Designators When Clear 

The designators, when clear, indicate the following: 

Odd (Even designator) 

Non-zero (Zero designator) 

Negative (Positive designator) 

No end-around carry (End-around carry designator) 

No overflow (Overflow designator) 
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COMMAND TIMING 

Command timing is a list of all commands required to perform a given instruction with 
respect to order of occurrence. 

Before delving into the heart of command timing several things should be established. 
It is expected that one is familiar with the block diagram including all registers, the 
various parts of the control section diagram as to why they exist and what they do, and 
the repertoire of instructions. 

Along the left hand margin of command timing is the computer timing with respect to 
the master clock. The three sets of LO - L5 which are listed correspond to cycle 0, 1, 
and 2. The top of the page prior to cycle 0, LO gives the sequence number and the con- 
ditions which must be met for this sequence to be done. 

Tracing an instruction through command timing to determine the sequences performed 
is done as follows. Assume an add instruction is to be done (octal code 10). Start with 
sequence II. (All instructions start with sequence II. ) No conditions are stated for its 
entrance, therefore we can say and rightfully so that all instructions do sequence II. 
After an ADD goes through sequence II the computer turns the page to sequence III. No 
conditions here either so it does sequence III. It then looks at sequence IV. It is not 
an unsatisfied jump (it is not a jump at all) so the computer says "is the mode bit equal 
to one ?", if yes do sequence IV if not skip sequence IV. After making the decision and 
either doing or not doing sequence IV the page is turned. Here sequence V is found, but 
it says this page is only done on an octal code 01, so we turn the page. Can't do this 
one either. Once past sequence IV we look for the first page with the octal code of the 
instruction being performed. We finally get to an ADD octal code 10 sequence V. This 
one we do. Then turn the page and find ADD octal code 10 sequence VI, we do it also. 
After turning the page again we find SUB octal code 11. As one would find out after 
turning the balance of the pages all octal codes are placed together in numerical order 
and in the order performed. That is, because ADD sequence V page is before ADD se- 
quence VI then sequence V must occur before sequence VI. When no more pages can be 
found for this instruction the computer returns to sequence n to obtain the next instruc- 
tion. 

Prior to looking into the command timing itself some of the terms will be defined. Some 
of these terms are listed on page 4-7. The following is a more detailed explanation of 
these and other terms found in the text. 

SET READ 

The SET READ signal will initiate the reading of the core memory address specified by 
the select. Remember the core memory location selected is determined by a SELECT 
S, SELECT P, or SELECT A signal. The reading of a core memory location clears 
the cores at that address and places their state on the sense winding where it may or 
may not be gated into the Z register by the READ STROBE command. 
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The CLEAR READ signal serves only to terminate the read part of the core memory 
cycle. Because the read operation is a destructive readout the selected memory 
address will be cleared to zero by the time the clear read command occurs. This loca- 
tion will remain zero until the write operation replaces the original contents or writes 
new information. If the READ STROBE signal does not occur the information originally 
in core dies on the sense lines and is lost. 

SET WRITE 

The SET WRITE signal writes the output of the adder (Z register plus X register) into 
the memory location determined by the select. This may be the original information 
in the Z register with the X register cleared. This type of memory cycle is called 
"read restore". It may be new information in the X register with the Z register 
cleared (because of no READ STROBE). This type of memory cycle is called "clear 
write". Or it m.iy be the original information in the Z register and new information in 
the X register. In which case I don't have the slightest idea what the core memory 
cycle is called. 

READ STROBE 

The READ STROBE signal gates the contents of the specified core memory address into 
the Z register. Contrary to popular belief this is all it does- it does not clear the mem- 
ory location being read. That is the function of the read and is done whether the READ 
STROBE is done or not. The READ STROBE is timed to occur at the proper instant 
to gate this information. It occurs sometime between L4 and L5. For simplicity it is 
shown to occur at L5. This in no way affects the operation or understanding of command 
timing. 

SET CLAMP 

SET CLAMP means to force the specified point to a logical zero. Because the command 
says SET CLAMP and not just CLAMP it implies that the point is forced to a logical zero 
and held there. This is exactly what happens. The clamp remains until a CLEAR CLAMP 
signal occurs. The specified point for the clamp will be one side of a flip-flop (either the 
cleared or set side). Forcing the cleared side of a flip-flop to a logical zero will set the 
flip-flop and forcing the set side of a flip-flop to a logical zero will clear it. (re; page 1-43). 
Remember that just because the clamp is removed or cleared does not mean that the 
flip-flop will be changed back in its state. For instance when a SET CLAMP XO signal 
occurs the XO flip-flop will set. When the CLEAR CLAMP XO signal occurs the flip- 
flop will not be cleared; it will only stop being held set. 

CLEAR CLAMP 

As the above states a CLEAR CLAMP signal removes the forced logical zero from the 
specified point. 
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DL 

Designator logics (DL) are the logics used to examine the Z register, X register, and 
adder output when the designators are being set. The command DL —DESIGNATORS 
means examine these and set the designators accordingly. 

IL 

Interrupt lockout (IL) is a flip-flop which will prevent the recognition and processing of 
any interrupt while it is set. The command SET SET IL may sound like a stuttering 
typewriter but is stated that way for a purpose. If the command were labeled SET IL 
it would mean that the command occurred only during the tap time specified. But this 
is not the case; the SET SET IL signal means that the IL flip-flop is held set from that 
time until the SET IL signal is removed by a CLEAR SET IL. It may be asked now - 
"if we set the IL flip-flop and hold it set for a period of time why not use SET CLAMP 
IL and CLEAR CLAMP IL". The not so obvious reason is that the IL point is not 
clamped. That is the cleared side of the IL flip-flop is not held to a logical zero di- 
rectly The flip-flop is held set by fully enabling the input gates to the set side for 
this period of tims. Operating in the same manner one will find a SET CLEAR IL and 
a CLEAR CLEAR IL. The clearing of the CLEAR IL signal does not set the IL flip-flop, 
and the clearing of the SET IL signal does not clear the IL flip-flop. 

HA, SA 

These stand for sequence half advance (HA) and sequence advance (SA). HA and SA are 
flip-flop registers (three each) which are used to handle the advancing form one sequence 
to another. HA, in basic terms, tells the computer which sequence will be done next 
and SA tells the computer what sequence is being done now. 

Assume the computer is doing sequence II. At cycle 0, L0 HA and SA both contain the 
value for sequence II. At cycle 2, LI HA. is cleared in preparation for cycle 2, L3 
setting it to the next sequence to be done. (Sequence III). The computer now knows 
that it is doing sequence II (by SA) and that it will do sequence III next (by HA). At 
cycle 2, L5 SET SA causes HA to be transferred to SA, and the computer now does se- 
quence III. Because of the L5, LO overlap this time can also be considered cycle 0, L0 
of the next sequence (III). Now one may look at HA and say that since HA is still set to 
sequence III the computer thinks it will do sequence III next. The statement made be- 
fore that HA tells the computer what sequence will be done next is still true if we real- 
ize that the computer only asks during cycle 2, L5 when it wishes to advance SA. 

SET I/O PULSE 

This signal causes the drive currents to be routed through the input output addressing 
section of the computer not the core memory section. This is necessary because the 
same S register and translating circuitry is used for both input output and the core 

memory. 

Note page 4-8. This page is drawn in an altogether different manner than the 
others. This was done by mistake and has not been changed because it is a very good 
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way to remind one that sequence I is totally different from the rest. This is about all 
that will be mentioned about sequence I at this time. It will be covered in detail in the 
section on interrupts. 

Reference sequence HI cycle 2, L4. The subscript 0-7 means that only bits through 
7 of the S register will be affected, bits 8 through 13 will not be changed. The arrow 
after ADDER means "is transferred to". ( ) means the contents of the specified 
register. 

Refer to ZJP instruction octal code 20 sequence VII, cycle 0, LI. The (S) means just 
what it implies. The actual contents of the S register is transferred to the Z register 
not the contents of the memory location specified by the S register. 

Refer to EDR instruction octal code 05, sequence V, cycle 1, L5. The CLEAR DES- 
IGNATOR TO "l"s command means that all the designator flip-flops will be in the one 
or set state as a result of this command. This is not the only register which is set to 
all ones prior to entering, but in this case the computer may stop (if in cycle step re; 
page 1-71) after the clearing and before the entering. It could be confusing and lead 
one astray if it said CLEAR DESIGNATORS and all the lights were lit in the designator 
register. In the other case the computer cannot stop before entering. Therefore only 
the end result could be seen and could not be confusing. 

Figure page 4-6 shows the opposite view of command timing from the sequential list 
based on the instructions. In this chart the commands and sequences are shown along 
the left, and three cycles of time along the top. The black bar in the main body of the 
chart shows that the command or condition exists at the time shown directly above. 
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Command Sequencing (Timing) 

The description that follows contains details of command sequencing of the P-50 com- 
puting control system. 

Set read- Initiate the reading of the core memory address specified by the 

select. 

Set write- Write the output of the adder into the core memory address spec- 

ified by the select. 

Read strobe- Gate the contents of the core memory address specified by the 

select, into the Z register. 

Set clamp- Force the specified point to a logical zero until a clear clamp 

signal is received. 

Clear clamp- Remove the forced logical zero from the specified point. 

DL- Designator logics 

IL- Interrupt lockout 

HA- Sequence half-advance flip-flops 

SA- Sequence advance flip-flops 

Set I/O pulse- Turn on the channel and word drives in the peripheral equipment. 
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SEQUENCE II 

L Q CLEAR Z AND X, SET SELECT M P", SET CLAMP X© 

L x CLEAR F, SET READ 

L 2 

L 3 

L 4 

Lg READ STROBE 

L 

L CLEAR READ 

L 2 

L 3 SET WRITE 

L 4 

L 5 

L 

L x CLEAR HA 

L 2 

L 3 SET HA, CLEAR SELECT "P", CLEAR S, CLEAR CLAMP XO, CLEAR WRITE 

L„ ADDER ► S 

4 

L 5 SET SA 
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SEQUENCE III 



L Q CLEAR Z AND X, SET SELECT "S" 

L SET READ 

L 2 
L 3 

L 4 

L c READ STROBE 

o 

L 

L. CLEAR READ 

L 2 

L„ SET WRITE 

o 

L 4 

L 5 

L 

L 1 CLEAR HA, (Z) g _ 13 * F 

L 2 

L SET HA, CLEAR SELECT "S", CLEAR S Q _ 7 , CLEAR WRITE 

L 4 ADDER ► S Q _ 7 

L c SET SA 

o 

IF F - 22 OR 23 INTERRUPT LOCKOUT WILL BE SET OR CLEARED DURING 

L„ AND L. TIME OF CYCLE 2 IF THE MODE BIT = 0. 
3 4 
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SEQUENCE IV 

(NOTE: This sequence takes place only if the mode bit = 1 and there is no unsatisfied jump.) 

L Q CLEAR Z AND X, SET SELECT "S" 
L x SET READ 

L 2 
L 3 

L 4 

L c READ STROBE 

o 

L 

L CLEAR READ 

L 2 

L 3 SET WRITE 

L 4 

L 5 

L 

L l CLEAR HA 

L 2 

L 3 SET HA, CLEAR SELECT "S", CLEAR "S", CLEAR WRITE 

L. ADDER >S 

4 

L c SET SA 

o 

IF F = 22 OR 23 INTERRUPT LOCKOUT WILL BE SET OR CLEARED DURING 

L„ AND L. TIME OF CYCLE 2. 
3 4 
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DCR 

OCTAL CODE: 01 



SEQUENCE V 



L rt CLEAR Z AND X, SET SELECT "S" NOTE: CLAMP X n SET BY PREVIOUS L K 
Lj SET READ, (Z) >X 

L 2 
L 3 

L 4 

L c READ STROBE, CLEAR DESIGNATOR 

5 

L 

L CLEAR READ 

L 2 

L„ SET WRITE 

L 4 

L c DL »- DESIGNATOR 

o 

L 

L l CLEAR HA 

L 2 

L 3 SET HA, CLEAR SELECT "S", CLEAR WRITE, (Z) ►X 

L 4 

L 5 SET SA, CLEAR CLAMP X Q 
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CMB 

OCTAL CODE: 02 

SEQUENCE V 
L Q CLEAR Z AND X, SET SELECT "S" NOTE: CLAMP Z^ SET BY PREVIOUS L g 

L 1 SET READ 

L 2 

L 3 

L 4 

Lg READ STROBE, CLEAR DESIGNATOR 

L 

L x CLEAR READ 

L 2 

L 3 SET WRITE 

L 4 

L 5 DL ►DESIGNATOR 

L 

L x CLEAR HA 

L 2 

L 3 SET HA, CLEAR SELECT "S", CLEAR WRITE, (Z) »-X 

L 4 

L 5 SET SA, CLEAR CLAMP Z^ 
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SMB 

OTAL CODE: 03 

SEQUENCE V 

L Q CLEAR Z AND X, SET SELECT "S" NOTE: CLAMP Z^ SET BY PREVIOUS L & 

L x SET READ 

L 2 
L 3 

L 4 

L c READ. STROBE, CLEAR DESIGNATOR 

o 

L 

L. CLEAR READ 

L 2 

L 3 SET WRITE 

L 4 

L c DL "-DESIGNATOR 

L 

L x CLEAR HA 

L 2 



L 3 SET HA, CLEAR SELECT "S", CLEAR WRITE, (Z)- 

L 4 



L R SET SA, CLEAR CLAMP Z,. 

13 
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EDR 

OCTAL CODE: 05 



SEQUENCE V 



L Q CLEAR Z AND X, SET SELECT "S" 
Lj SET READ 

L 2 

L 3 

L 4 

L 5 READ STROBE, CLEAR DESIGNATOR 

L 

L x CLEAR READ 

L 2 

L g SET WRITE 

L 4 

L 5 CLEAR DESIGNATOR TO "1" S 

L 

Lj CLEAR HA 

L 2 

L 3 SET HA, CLEAR SELECT "S", CLEAR WRITE, i^} * DESIGNATOR 



L 4 

L c SET SA 

o 
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SDR 

OCTAL CODE: 06, 07 



SEQUENCE V 



L Q CLEAR Z AND X, SET SELECT M S" 

L x SET READ, SET DESIGNATOR *" z _ 4 

L 2 

L 3 

L 4 

L 5 

L 

L x CLEAR READ, CLEAR DESIGNATOR *- Z Q _ 4 

L 2 

L 3 SET WRITE 

L 4 

L 5 

L 

L x CLEAR HA 

L 2 



L 3 SET HA, CLEAR SELECT "S", CLEAR WRITE, (Z)- 

4 



J 3 
L 



L 5 



4-16 



ADD 

OCTAL CODE: 10 



SEQUENCE V 



L Q CLEAR Z AND X, SET SELECT "S" 

L x SET READ 

L 2 

L 3 

L 4 

L g READ STROBE, CLEAR DESIGNATORS 

L 

L 1 CLEAR READ 

L 2 

L 3 SET WRITE 

L 4 

L 5 

L 

L 1 CLEAR HA 

L 2 

L SET HA, CLEAR SELECT "S", CLEAR WRITE, (Z)- 

o 

L 4 

L 5 SET SA 
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ADD 

OCTAL CODE: 10 



SEQUENCE VI 



L Q CLEAR Z, SET SELECT "A" 

L x SET READ 

L 2 
L 3 

L 4 

L c READ STROBE 

o 

L 

L CLEAR READ 

L 2 

L 3 SET WRITE 

L 4 

L _ DL *- DESIGNATOR 

o 

L 

L CLEAR HA 

L 2 

L 3 SET HA, CLEAR SELECT A, CLEAR WRITE 

L 4 

L c SETSA 

o 
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SUB 

OCTAL CODE: 11 



SEQUENCE V 



L Q CLEAR Z AND X, SET SELECT "S" 

L x SET READ 

L 2 

L 3 

L 4 

L 5 READ STROBE, CLEAR DESIGNATORS 

L 

L 1 CLEAR READ 

L 2 

Lg SET WRITE 

L 4 

L 5 

L 

L x CLEAR HA 

L 2 

L 3 SET HA, CLEAR SELECT "S", (Z) ^X, CLEAR WRITE 

L 4 

L c SET SA 
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SUB 

OCTAL CODE: 11 



SEQUENCE VI 



L o 


CLEAR Z, SET SELECT "A" 


L, 


SET READ 


L., 




L 3 




h 






READ SI IOBE 


L-, 




L l 


CLEAR READ 


L 2 




L 3 


SET WRITE 


L 4 
L 5 


r\T W T^»T?*?f /""hi A T*r~lT7 


ULi * DkolGNA lUn 


L o 




L, 

i 


CLEAR HA 


L 2 




L 3 


SET HA, CLEAR SELECT "A 


L 4 




L. 


SETSA 
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AND 

OCTAL CODE: 12 



SEQUENCE V 



L Q CLEAR Z AND X, SET SELECT "S" 
L 1 SET READ 

L 2 
L 3 

L 4 

L c READ STROBE, CLEAR DESIGNATORS 

o 

L 

L CLEAR READ 

L 2 

L 3 SET WRITE 

L 4 

L 5 

L 

L x CLEAR HA 

L 2 

L 3 SET HA, CLEAR SELECT "S", CLEAR WRITE, (Z) ►X 

L 4 

L c SET SA 

o 
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AND 

OCTAL CODE: 12 



SEQUENCE VI 



L Q CLEAR Z, SET SELECT "A", SET AND 

L. SET READ 

L 2 
L 3 

L 4 

L c READ STROBE 

o 

L 

L. CLEAR READ 

L 2 

L 3 SET WRITE 

L 4 

L c DL ► DESIGNATOR 

L 

L x CLEAR HA 

L 2 

L 3 SET HA, CLEAR SELECT "A", CLEAR WRITE 

L 4 

L c SET SA, CLEAR AND 
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EOR 

OCTAL CODE: 13 



SEQUENCE V 



L Q CLEAR Z AND X, SET SELECT "S" 

L ± SET READ 

L 2 

L 3 

L 4 

L_ READ STROBE, CLEAR DESIGNATORS 

o 

L 

L 1 CLEAR READ 

L 2 

L 3 SET WRITE 

L 4 

L 5 

L 

L x CLEAR HA 

L 2 

L 3 SET HA, CLEAR SELECT "S", (Z) >-X, CLEAR WRITE 

L 4 

L c SET SA 

o 
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EOR 

OCTAL CODE: 13 



SEQUENCE VI 



L Q CLEAR Z, SET SELECT "A", SET EOR 

L. SET READ 

L 2 
L 3 

L 4 

L c READ STROBE 

o 

L 

L 1 CLEAR READ 

L 2 

Lg SET WRITE 

L 4 

L 5 DL *> DESIGNATOR 

L 

L x CLEAR HA 

L2 

L 3 SET HA, CLEAR SELECT "A", CLEAR WRITE 

L 4 



L K SET SA, CLEAR EOR 
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LSH 

OCTAL CODE: 14, 15 



SEQUENCE V 



L Q CLEAR Z AND X, SET SELECT »S" 

L x SET READ 

L 2 

L 3 

L 4 

L g READ STROBE, CLEAR DESIGNATORS 

L 

L x CLEAR READ 

L 2 

L g SET WRITE 

L 4 

L 5 

L 

Lj CLEAR HA 

L 2 

L 3 SET HA, CLEAR SELECT "S", CLEAR WRITE, (Z) *X 

L 4 

L c SET SA 

o 
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LSH 

OCTAL CODE: 14, 15 



SEQUENCE VI 



L Q CLEAR Z, SET SELECT "S" 

L x SET READ 

L 2 
L 3 

L 4 

L c READ STROBE 

o 

L 

L CLEAR READ 

L 2 

L„ SET WRITE 

L 4 

L 5 DL *• DESIGNATOR 

L 

L CLEAR HA 

L 2 

L 3 SET HA, CLEAR SELECT »'S'\ CLEAR WRITE 

L 4 

L. SET SA 

o 
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RSH 

OCTAL CODE: 16, 17 



SEQUENCE V 



L Q CLEAR Z AND X, SET SELECT "S" 

L x SET READ 

L 2 

L 3 

L 4 

L c READ STROBE, CLEAR DESIGNATORS 

L 

L x CLEAR READ 

L 2 

L 3 SET WRITE 

L 4 

L 5 

L 

h l CLEAR HA 

L 2 

L 3 SET HA, CLEAR SELECT "S»V CLEAR WRITE, (Z)« 

L 4 

L c SET SA 
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RSH 

OCTAL CODE: 16, 17 



SEQUENCE VI 



L Q CLEAR Z, SET SELECT "S" 

L : SET READ 

L 2 
L 3 

L 4 

L 5 

L 

L CLEAR READ 

L 2 

L 3 SET WRITE 

L 4 

L _ DL *• DESIGNATOR 

o 

L 1 CLEAR HA 

L 2 

L g SET HA, CLEAR SELECT "S", CLEAR WRITE 

L 4 

L, SET SA 

o 
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ZJP 

OCTAL CODE: 20 



SEQUENCE VII 



L Q CLEAR Z AND X, SET SELECT "P" 
L x SET READ (S) *» Z 

L 2 

L 3 

L 4 

L 5 

L 

L CLEAR READ 

L 2 

L„ SET WRITE 

o 

L 4 

L 5 

L 

L x CLEAR HA 

L 2 

L 3 SET HA, CLEAR SELECT "P", CLEAR WRITE 

L 4 



L c SET SA 

o 
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EJP 

OCTAL CODE: 21 



SEQUENCE VII 



L Q CLEAR Z AND X, SET SELECT »P» 
L x SET READ (S) ► Z 

L 2 

L 3 

L 4 

L 5 

L 

L l CLEAR READ 

L 2 

L 3 SET WRITE 

L 4 

L 5 

L 

Lj CLEAR HA 

L 2 

Lg SET HA, CLEAR SELECT "P", CLEAR WRITE 

L 4 



Lg SET SA 
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SLJ 

OCTAL CODE: 22 



SEQUENCE VII 



L Q CLEAR Z AND X, SET SELECT "P" 
L x SET READ, (S) *> Z 

L 2 
L 3 

L 4 

L. SET SET IL 

o 

L 

L CLEAR READ 

L 2 

L 3 SET WRITE 

L 4 

L 5 

L 

L x CLEAR HA, CLEAR SET IL 

L 2 

L„ SET HA, CLEAR SELECT "P", CLEAR WRITE 

L 4 

L c SET SA 

o 
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CLJ 

OCTAL CODE: 23 



SEQUENCE VII 



L Q CLEAR Z AND X, SET SELECT "P" 
L x SET READ, (S) »► Z 

L 2 
L 3 

L 4 

L c SET CLEAR IL 

5 

L o 

L x CLEAR READ 

L 2 

L 3 SET WRITE 

L 4 
L 5 

L 

Lj CLEAR HA, CLEAR CLEAR IL 

L 2 

L 3 SET HA, CLEAR SELECT "P», CLEAR WRITE 

L 4 

L c SET SA 

o 
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J MP 

OCTAL CODE: 24 



SEQUENCE VII 



L Q CLEAR Z AND X, SET SELECT "P" 
L x SET READ, (S) *-Z 

L 2 

L 3 

L 4 

L 5 

L 

L x CLEAR READ 

L 2 

L 3 SET WRITE 

L 4 

L 5 

L 

L 1 CLEAR HA 

L 2 

Lg SET HA, CLEAR SELECT "P", CLEAR WRITE 

L 4 

L c SET SA 

o 
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CJP 

OCTAL CODE: 25 



SEQUENCE VII 



L Q CLEAR Z AND X, SET SELECT "P" 
L x SET READ, (S) +-% 

L 2 

L 3 

L 4 

L 5 

L 

L CLEAR READ 

L 2 

L 3 SET WRITE 

L 4 

L 5 

L 

L x CLEAR HA 

L 2 

L 3 SET HA, CLEAR SELECT "P", CLEAR WRITE 

L 4 

L c SET SA 

o 
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OJP 

OCTAL CODE: 26 



SEQUENCE VII 



L Q CLEAR Z AND X, SET SELECT "P" 
L x SET READ, (S) *> Z 

L 2 

L 3 

L 4 

L 5 

L 

h x CLEAR READ 

L 2 

L 3 SET WRITE 

L 4 

L 5 

L 

L x CLEAR HA 

L 2 

L 3 SET HA, CLEAR SELECT "P M , CLEAR WRITE 

L 4 

L c SET SA 

o 
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PJP 

OCTAL CODE: 27 



SEQUENCE VIJ 



L Q CLEAR Z AND X, SET SELECT "P" 
L. SET READ, (S) *-Z 

L 2 

L 3 

L 4 

L 5 

L 

L. CLEAR READ 

L 2 

Lg SET WRITE 

L 4 

L 5 

L 

L x CLEAR HA 

L 2 

Lg SET HA. CLEAR SELECT "P", CLEAR WRITE 

L 4 

L 6 SET SA 
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INT 

OCTAL CODE: 30 

SEQUENCE V 

L CLEAR Z AND X, SET SELECT "S", SET I/O PULSE 

L : SET READ 

L2 

L3 
L 4 

L 5 CLEAR DESIGNATORS 

LO 

L x CLEAR READ 

L 2 

L 3 SET WRITE 

L 4 INPUT STROBE 

L 5 
LO 
L x CLR HA 

L 2 

L 3 SET HA CLEAR SELECT "S", (Z) >X, CLEAR I/O PULSE, CLEAR WRITE 

L 4 

L 5 SET SA 
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INT 

OCTAL CODE: 30 



SEQUENCE VI 



L_ CLEAR Z, SET SELECT "A" 

L SET READ 

L 2 

L 3 

L 4 

L 5 

L 

L CLEAR READ 

L 2 

L„ SET WRITE 

L 4 

L c DL + DESIGNATOR 

o 

L 

L L CLEAR HA 

L 2 

L 3 SET HA, CLEAR SELECT "A", CLEAR WRITE 

L 4 

L c SET SA 

o 
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ENL 

OCTAL CODE: 32, 33 



SEQUENCE V 



L Q CLEAR Z AND X, SET SELECT "S" 

L SET READ 

L 2 
L 3 

L 4 ■ 

L c READ STROBE, CLEAR DESIGNATORS 

o 

L 

L CLEAR READ 

L 2 

L 3 SET WRITE 

L 4 

L 5 

L 

h l CLEAR HA 

L 2 

L 3 SET HA, CLEAR SELECT "S", CLEAR WRITE, (Z) ►X 

L 4 

L. SET SA 

o 
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ENL 

OCTAL CODE: 32, 33 



SEQUENCE VI 



L Q CLEAR Z, SET SELECT M A" 

Lj^ SET READ 

L 2 

L 3 

L 4 

L 5 

L 

L CLEAR READ 

L 2 

L 3 SET WRITE 

L 4 

L c DL *► DESIGNATOR 

o 

L 

L CLEAR HA 

L 2 

L 3 SET HA, CLEAR SELECT "A", CLEAR WRITE 

L 
4 

L c SET SA 
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OUT 

OCTAL CODE: 34 



SEQUENCE V 



L Q CLEAR Z AND X, SET SELECT "A" 
L 1 SET READ 

L 2 

L 3 

L 4 

L 5 READ STROBE, CLEAR DESIGNATORS 

L 

L x CLEAR READ 

L 2 

Lg SET WRITE 

L 4 

L 5 

L 

L x CLEAR HA 

L 2 

Lg SET HA, CLEAR SELECT "A", CLEAR WRITE, Z »»X 

L 4 

L 5 SET SA 
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OUT 

OCTAL CODE: 34 



SEQUENCE VI 



L Q CLEAR Z. SET SELECT "S", SET I/O PULSE 

L x SET READ 

L 2 

L 3 

L 4 

L 5 

L 

L CLEAR READ 

L 2 

L g SET WRITE 

L 4 

L c DL > DESIGNATOR 

D 

L o 

L CLR HA 

L 2 

L 3 SET HA CLEAR I/O PULSE, CLEAR SELECT "S", CLEAR WRITE 

L 4 

L & SET SA 
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RJP 

OCTAL CODE: 36 



SEQUENCE V 



L o 


CLEAR Z AND 


L l 


SET READ 


L 2 




L 3 




L 4 




L 
5 


READ STROBE 


L o 




L l 


CLEAR READ 


L 2 




L 3 


SET WRITE 


L 4 




L 5 




L o 




L l 


CLEAR HA 


L 2 




L 3 


SET HA, CLEA; 


L 4 




L 5 


SETSA 
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RJP 

OCTAL CODE: 36 



SEQUENCE VI 



L Q CLEAR Z, SET SELECT "S" 

L x SET READ 

L 2 

L 3 

L 4 

L 5 

L 

L. CLEAR READ 

L 2 

L„ SET WRITE 

o 

L 4 

L 5 

L 

L x CLEAR HA 

L 2 

L 3 SET HA, CLEAR SELECT "S", CLEAR WRITE 

L 4 

L. SET SA 

o 
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RJP 

OCTAL CODE: 36 



SEQUENCE VII 



L Q CLEAR Z AND X, SET SELECT "P" 
L SET READ, (S) ►Z 

L 2 

L 3 

L 
4 

L 5 

L 

L CLEAR READ 

L 2 

L g SET WRITE 

L 4 

L 5 

L 

L x CLEAR HA 

L 2 

L„ SET HA, CLEAR SELECT "P", CLEAR WRITE 

L 4 

L c SET SA 

5 
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STL 

OCTAL CODE: 37 



SEQUENCE V 



L Q CLEAR Z AND X, SET SELECT "A" 

L SET READ 

L 2 
L 3 

L 4 

L c READ STROBE, CLEAR DESIGNATORS 

a 

L 

L 1 CLEAR READ 

L 2 

L 3 SET WRITE 

L 4 

L 5 

L 

L x CLEAR HA 

L 2 

L 3 SET HA, CLEAR SELECT "A", CLEAR WRITE, (Z) **X 

L 4 

L 5 SET SA 
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STL 

OCTAL CODE: 37 



SEQUENCE VI 



L Q CLEAR Z, SET SELECT "S" 

L SET READ 

L 2 

L 3 

L 4 

L 5 

L 

L CLEAR READ 

L 2 

L SET WRITE 

L 4 

L c DL »► DESIGNATOR 

o 

L 

L l CLEAR HA 

L 2 

L 3 SET HA, CLEAR SELECT "S", CLEAR WRITE 

L 4 

L c SET SA 

o 
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DUAL NAND 

The dual NAND consists of two NAND circuits which are identical except for the num- 
ber of input pins (see Figure 1-12). The two NANDS will be designated by the output 
pin numbers 5 and 11. Side 11 will be discussed and related to side 5 later. 

There are three types of inputs. Pins 6, 7 and 8 are internal diode inputs, pin 9 is an 
external diode input, and pin 4 is a special input which is normally connected to +6V. 
As many input diodes as desired may be added to pin 9 to increase input capabilities. 
If a logical one is applied to all used inputs the output on pin 11 will be a logical zero, 
and conversely if a logical zero is applied to any input pin the output will be a logical 
one. 

The output of the NAND as described has current capabilities of driving a maximum of 
ten inputs. If it is desired to drive more than this but less than 21, the current capa- 
bilities can be increased by adding a resistor from pin 9 to +6V. This in no way changes 
the previously described operation; it only increases the fan out capability of the circuit. 

Some of the circuits require one of the inputs to be from the master clock. Since the 
master clock taps are +12V instead of -K5V, it is necessary to connect this tap through 
a dropping resistor to pin 9. When this is done pin 4 must be grounded. Since pin 4 is 
common to both NAND circuits this ground puts a logical zero on the input of circuit 5. 
To compensate for this a resistor must be placed from pin 3 to +6V. If it is desired to 
enable both NANDS with the same master clock tap it can be done by connecting a re- 
sistor from pin 4 to this tap. Pin 4 would not be connected to +6V in this case. The 
logical operation of circuit 5 is identical to the operation of circuit 11, except for the 
change of pin numbers and the lack of the additional internal input diode. 

MODIFIED DUAL NAND 

The modified dual NAND is similar in operation to the NAND with the exception of a few 
points (see Figure 1-13). Pins 11 and 12 are the outputs for their respective circuits. 
Pins 1, 3, 6, and 7 are internal diode inputs and pins 2 and 8 are external diode inputs 
for their circuits. Pin 13 is used for an additional group of inputs. To accomplish this, 
an additional circuit, similar to the one between the base of the transistor and the input 
pins 1, 2, 3, and 4 is connected to pin 13. The operation of pin 9 is the same. Pins 4 
and 5 serve the same function as pin 4 in the non-modified dual NAND. 

SLC-W NAND 

The only difference between the modified dual NAND and the slow NAND (Figure 1-14) is 
the rise time of the circuit. As the name implies the slow NAND has a slower rise time 
than the modified dual NAND. Otherwise its logic function is identical. Pin numbers 
differ in the following manner. Pin 1 of the slow NAND corresponds to pin 10 of the 
modified NAND. 2 to 4, 3 to 2, 4 to 1 & 3, 5 to 12, 6 to 13, 7 to 5, 8 to 6 & 7, 9 to 8, 
10 to 11 and pin 11 of the slow NAND to 9 of the modified NAND. 
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FLIP-FLOP 

The logical operation of a flip-flop is as follows: Refer to Figure 1-15. We will start 
by stating that neither of the B NANDS have all ones in. Therefore, both B NANDS will 
have a logical one out. Note at this time that the output of All is fed back to the input 
of A5 and the output of A5 to the input of All. This hookup makes it a flip-flop. We 
can now see that if pin 2 of A5 and pin 7 of All are ones that the logical signal on A5 
cannot equal the logical signal on All. Let's try and see why. If we assume both to 
be a one, this means that All is a one. All is connected to A 5 pin 1, which would 
also be a one. If A5 pin 1 is a one and, as we stated, A5 pin 2 was a one, this means 
that all inputs to A5 are logical ones and the output is then a zero. Also, if we assume 
both A5 and All outputs to be zeros, then the zero on All output would be connected to 
A5 pin 1, which would cause a one at the output of A5. Now that we have seen that A5 
and All outputs cannot be the same, we can arbitrarily assume some logical signals on 
them. We will assume A5 output is a zero and All output is a one. The one from All 
output is connected to the input pin 1 of A5 which in conjunction with pin 2 will hold the 
zero at the output of A5, which is connected to input 6 of All, which holds the one on the 
output of All, etc. We can now say that the flip-flop A is in a stable state. 

There are only two ways to affect the state of this flip-flop. The first to be discussed 
is to place a zero on one of the inputs of the side with the logical zero out. If we look 
at Figure 1-15 again, this means we must put a logical zero on pin 2 of A5 in order to 
affect the flip-flop. This zero on pin 2 of A5 will cause the output of A5 to go to a 
logical one. This logical one is then applied to pin 6 of All and in conjunction with the 
one on pin 7 will cause a logical zero out of All. This zero at the output of All is then 
applied to the input pin 1 of A 5 holding the one at the output of A5. Now the input on pin 
2 of A 5 can go back to a logical one because pin 1 is now taking over. This entire flip- 
ping or changing state of the flip-flop from the zero appearing on pin 2 of A5 until it is 
stable in the flipped state took less than . lusec. 

The second method by which the flip-flop can be affected is by placing a ground or log- 
ical zero on the output of the side which is a logical one. As one can see from the 
schematics of the NAND circuit, a logical zero is created by grounding a point through 
a transistor and it can also be seen that if a logical one and a zero attempt to appear on 
the same point at the same time, the zero will be the resultant signal. Now, if we have 
the flip-flop in our original state where All output was a logical one and we put a zero 
at this point, the zero is the resultant. This zero is applied to the input pin 1 of A5 and 
the circuit will flip as explained above because we have placed a zero on one input of 
the side which has a zero output. 

One of the stable states of the flip-flop will be called the set state and one the cleared 
state. We will say that the set state is when A5 output is a one. This means that the 
cleared state is when All output is a one. This is just an arbitrary choice of the de- 
signer. Either state could be called set or cleared. It can now be seen that if we set 
the flip-flop that A5 output will be a one and All output will be a zero, and if we ciear 
the flip-flop that A5 output will be a zero and All output will be a one. Many flip -flops 
in the system have names such as the R flip-flop, SEL flip-flop, HIT flip-flop, etc, Let 
us call ours the CAT flip-flop. We will label the output lines of this flip-flop to give an 
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indication of the flip-flop's state. The label CA T me ans that this line will be a logical 
one when the CAT flip-flop is set and the signal CAT will mean that this line will be a 
logical one when the CAT flip- flop i s not set or CAT means zero implies CAT flip-flop 
set. This is because CAT and CAT must always be opposite. 

As we mentioned before, pin 2 of A 5 and pin 7 of All was one and was to control the 
state of the CAT flip-flop. Again, referring to Figure 1-15, let us look at B5 and Bll. 
It can be seen that the outputs of these NANDS will determine the state of the CAT flip- 
flop. A zero on the output of B5 will insure that the CAT flip-flop is set and a zero on 
the output of Bll will insure that the CAT flip-flop is cleared. Ones at their outputs 
have no effect. Let us consider what it takes to get a zero at the output of a NAND. 
The answer is all ones in. Now let us look at the input to B5. Pin 1 will be one when 
the R flip-flop is set; pin 2 will be a one when the HIT flip-flop is not set (is cleared); 
and pin 3 will be a one when the SEL flip-flop is set. Thus, we can tell what will set 
the CAT flip-flop without looking any further than its input gating circuitry. Now let's 
see what will clear it. The inputs to Bll are as follows: Pin 6 will be a one when the 
W flip-flop is set; pin 7 will be a logical one during sequence VII; and pin 9 will be a one 
if a jump condition has been met and we are doing a jump instruction. Of course, I know 
these last two were not obvious but they do at least point out that a logical label can be 
of a great assistance and that a logical label does not have to refer to a flip-flop state. 
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REGISTER TRANSFERS 

Figure 1-16 shows two registers of three flip-flops each and associated gating circuitry. 
Flip-flops A, B, and C are drawn as 3 flip-flops of the X register- bits 2, 1, and re- 
spectively. Flip-flops D, E, and F are drawn as 3 flip-flops of the Z register- bits 2, 
1, and respectively. NANDS H, J, K, L, and M are the input gating circuitry for the 
X register. A normal transfer from the Z register to the X register consists of first 
clearing the X register (putting all the flip-flops in a predetermined state, in our case 
the cleared state) and then setting those flip-flo ps w ith one input gate fully enabled. 
Therefore the method used here__will be for the CLR X signal to go to a logical zero and 
then one of the signals (Z — X, 2 -* X, or Z — X) will go to a logical one. For this dis- 
cussion we will assume that the Z register is set as follows. Flip-flop F set, flip-flop 
E cleared, and flip-flop D set. This may also be expressed as Z2, Zl, and ZO being a 
logical one. The first part of the trans fer w ill be the clearing of the X register. This 
is done by putting a logical zero on the CLR X line. This logical zero is placed on one 
input of the_ clear side of each flip-flop in the X register. The X register is then in the 
X2, XI, XO state. That is X2, XI, and XO are logical ones. Then one of the transfer 
signals will go to a logical one. First we will assume that a direct Z -*X transfer will 
be done. This means that t he Z — X line will go to a logical one. The others must re- 
main a logical zero and the CLR X must have gone back to a logical one. The logical 
one from Z — X will be presented to one input of each NAND Hll, Jll, and Kll. Now 
let's look at the other inputs to those NANDS. Hll has its other input a logical one be- 
cause we originally stated that Z2 was set. Jll has its other input a logical zero and 
Kll has its other input a logical one. These are also because of the original state of 
the Z register. Hll and Kll have all used inputs a logical one and therefore their out- 
puts will go to a logical zero.* The output of Hll and Kll going to a logical zero will 
cause A and C flip-flops to set. (One may also find a flip-flop named for one of its 
sides. That is the A flip-flop could also be called the X2 flip-flop no matter what its 
state. One may see it said "the X2 flip-flop cleared or the X2 flip-flop set".) We now 
have the X2 and XO flip-flops set. How about the XI flip-flop. Remember we said that 
Jll had one input a logical zero because of the Z register. This means that the output 
of Jll will be a logical one no matter what the other input does. The XI flip-flop there- 
fore could not be set. We now have the X register in the following state X2, XI, and 
XO a logical one. This is identical to the corresponding bits of the Z register. We 
have therefore copied into or transferred into the X register the original contents of the 
Z register. It is important to note that the transfer from one register to another does 
not change the source register. The Z register being the source register still has its 
original contents. Review this operation and make sure that you understand it as this 
is one more of the basic building blocks in understanding the PRODAC 50 computer sys- 
tem. 



♦Remember that a logical one is +6V and a logical zero is 0V or ground. If a logical 
one and a logical zero are placed at the same point at the same time, the logical zero 
will be the end result by grounding out the logical one. 
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Now we will call upon the knowledge gained in the flip-flop and basic transfer write- 
ups. Again assume the Z register is in the Z2, Zl, a nd ZO state, with the Z — X 
transfer signal back to a logical zero. Make the CLR X signal go to a logical zero 
then back to a logical one. Now let the Z — X signal go from a logical zero to a log- 
ical one and back to a logical zero. While this signal was a logical one note the oper- 
ation of NANDS H5, J5, and K5. J5 is the only one fully enabled, therefore XI is the 
only flip-flop to be set. Note that wherever a flip-flop of Z was set that the corre- 
sponding flip-flop of X is cleared and wherever a flip-flop of Z was cleared that the 
corresponding flip-flop_of X is set. This means that we have taken the complement of 
Z to X. As the name Z -»X implies, transfer the cleared side of Z to the set side of 
X or made the set side of X the same as the cleared side Z. Review this operation, 
when it is fully understood, continue on. 



Again assume the Z register in the Z2, Zl, ZO state^ Let the CLR X signal go to a 
logical zero then back to a logical one. Now let the Z -*X signal (Z right shifted to X) 
go to a logical one and back to a logical zero. Note the end result in the X register. 
XO contains what Zl did. XI contains what Z2 did. The line labeled "from Z3" means 
that it comes from the set side of the Z3 flip-flop. (The word "from" will not appear in 
the logics, it is used now for clarity. ) This means that X2 will contain what Z3 did. As 
an end result the Z register was transferred to the X register displaced one place to the 
right or right shifted one place. Note that the ZO flip-flop in this figure goes no place. 
If you can recall the RSH instruction the state of the ZO flip-flop will be transferred to 
the "end around carry designator" flip-flop. 
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Figure 1-12. Dual NAND 
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Figure 1-13. Modified Dual NAND 
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Figure 1-14. Slow NAND 
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CAPACITOR VALUE COOES 


i 
i 


Code 


Capacitance 


Voltage 


Westinghouse Part No. 


CI 


.0005uF 


50V 


742A976H01 


< 


C2 


.0015uF 


500V 


742A976H02 


/ 


C3 


.003uF 


200V 


742A976H03 


i 


C4 


.OlnF 


100V 


742A976H04 


> 


C5 


.02nF 


100V 


742A976H05 


ii 


C6 


.1 A*F 


100V 


742A976H06 


'■ 


C7 


.IMF 


600 V 


742A976H07 




C8 













C9 


.5/iF 


200V 


742A976H31 


{■ 


CIO 


2.0uF 


100V 


742A976H09 


i 


Cll 


. 1|*F 


50V 


742A976H10 


l 


C12 


.05i*F 


200V 


742A976H11 


j 


C13 











' 


C14 


3nF 


100V 


742A976H12 




C15 


15 uF 


100V 


742A976H13 




C16 


250 uF 


40V 


742A976H14 


j 


C17 


100 UjtF 


500V 


742A976H15 




C18 


820 WiF 


100V 


742A976H16 




C19 


200 w»F 


500V 


742A976H17 




C20 


300 w*F 


200V 


742A976H18 




C21 


.lUF 


100V 


742A976H06 




C22 


2jiF 


100V 


742A976H09 


i 


C23 


.5uF 


200V 


742A976H08 




C24 


.33flF 


200V 


742A976H19 


1 


C25 


.OOlfiF 


50V 


742A976H20 


1 


C26 


5mF 


100V 


742A976H21 


t 


C27 


lOfiF 


100V 


742A976H22 


\ 


C28 


2000 nF 


50V 


742A976H23 


j 


C29 


500 WiF 


lkV 


669A076H01 




C30 


10 uF 


200V 


743A035H04 


i 


C31 











1 


C32 


1.0/iF 


200V 


669A077H08 


C33 


30 uF 


30V 


669AO93H02 


; 


C34 


0.1 flF 


200V 


669A077H05 


, 


C35 


30 UF 


200V 


743A035H03 


I 


C36 


200 «xF 


lkV 


669A076H02 


/ 


C37 


0. 22f<F 


25V 


669A094H01 


J 


C38 


200 nF 


125V 


669A103H01 


i 


C39 


100 HF 


250V 


742A976H25 


i 


C40 


200 uF 


lkV 


669A076H05 


j 


C41 


50uuF 


500V 


742A976H26 




C42 


27 >iF 


35V 


775A436H03 \ 




C43 


250 nF 


50V 


742A976H29 / 

.1 
1 i~ 





Code 


Capacitance 


Voltage 


Westinghouse Part No. ' 


C44 


lOfifiF 


100V 


742A976H30 


C45 


4.7 (xF 


35V 


775A436H04 


C46 


0.47 nF 


35V 


775A436H05 


C47 


lO.OnF 


50V 


742A976H32 


C48 


O.OOljiF 


200V 


742A976H33 


C49 


0.01/xF 


200V 


742A976H34 


C50 


0.05>xF 


200V 


742A976H35 


C51 


0.1 nF 


200V 


742A976H36 


C52 


0.5/iF 


200V 


742A976H08 


C53 


22 nF 


15V 


742A976H37 
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RESISTOR VALUE CODES 


Code 


Ohms 


Watts 


Westinghouse Part No. 


Rl 


Ik 


1/10 


742A969H02 


R2 


1.5k 


1/10 


742A969H03 


R3 


3.01k 


1/10 


742A969H04 


R4 


4.32k 


1/10 


742A969H05 


R5 


20Q 


1/10 


742A969H01 


R6 


7.68k 


1/2 


742A971H39 


R7 


4320 


1/2 


742A971H11 


R8 


51. in 


1/2 


742A971H15 


R9 


6.19k 


1/2 


742A971H37 


RIO 


20a 


1/2 


742A971H02 


Rll 


ion 


1/2 


742A971H01 


R12 


35. 7n 


1/2 


742A971H03 


R13 


82. 50 


1/2 


742A971H04 


R14 


ioon 


1/2 


742A971H05 


R15 


i4on 


1/2 


742A971H06 


R16 


2oon 


1/2 


742A971H08 


R17 


26in 


1/2 


742A971H09 


R18 


30in 


1/2 


742A971H10 


R19 


sun 


1/2 


742A971H12 


R20 


68in 


1/2 


742A971H13 


R21 


lk 


1/2 


742A971H30 


R22 


1.5k 


1/2 


742A971H31 


R23 


2k 


1/2 


742A971H32 


R24 


2.43k 


1/2 


742A971H33 


R25 


3.01k 


1/2 


742A971H34 


R26 


4.32k 


1/2 


742A971H35 


R27 


4.99k 


1/2 


742A971H36 


R28 


10k 


1/2 


742A971H41 


R29 


13k 


1/2 


742A971H43 


R30 


22.1k 


1/2 


742A971H47 


R31 


15k 


1/2 


742A971H45 


R32 


150n 


1/2 


742A971H07 


R33 


18.2k 


1/2 


742A971H46 


R34 


8.25k 


1/2 


742A971H40 


R35 


100k 


1/2 


742A971H48 


R36 


499k 


1/2 


742A971H49 


R37 


1.24M 


1/2 


742A971H70 


R38 


2.49M 


1/2 


742A971H71 


R39 


750n 


1/2 


742A971H14 


R40 


12.1k 


1/2 


742A971H42 


R41 











R42 


22M 


1/2 


742A971H72 


R43 


13.7k 


1/2 


742A971H44 
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Code 


Ohms 


Watts 


Westinghouse Part No. 


R44 


510 


2 


743A041H01 


R45 


1000 


2 


743A041H02 


R46 


lk 


1/2 


742A971H30 


R47 


7.5k 


1/2 


742A971H38 


R48 


100O 


1 


742A972H01 


R49 


100 


3 


742A973H01 


R50 


4000 


3 


742A973H03 


R51 


ion 


3 


742A973H02 


R52 


lk 


3 


742A973H04 


R53 


2k 


3 


742A973H05 


R54 


so n 


5 


742A974H01 


R55 


1500 


5 


742A974H03 


R56 


3000 


5 


742A974H04 


R57 


400O 


5 


742A974H05 


R58 


5000 


5 


742A974H06 


R59 


7000 


5 


742A974H07 


R60 


1800 


10 


742A975H01 


R61 


250 


50 





R62 


20 n 


5 


742A974H08 


R63 


1.5k 


5 


742A974H10 


R64 


4.5k 


5 


742A974HU 


R65 


1000 


5 


742A974H02 


R66 


2500 


5 


742A974H09 


R67 


ison 


3 


742A973H06 


R68 


soon 


3 


742A973H07 


R69 


— 








R70 


400 


1/4 


742A970H01 


R71 


1380 


1/4 


742A970H02 


R72 


2.2k 


1/4 


742A970H03 


R73 


8.66k 


1/4 


742A970H04 


R74 


51.1k 


1/10 


742A960H06 


R75 


100k 


1/10 


742A969H07 


R76 


6.190 


1/2 


742A971H16 


R77 


2.74k 


1/2 


742A971H50 


R78 


51.1k 


1/2 


742A971H51 


R79 


43.2k 


1/2 


742A971H52 


R80 


249k 


1/-2 


742A971H53 


R81 


64.9k 


1/2 


742A971H81 


R82 


24.9k 


1/2 


742A971H82 


R83 


32.4k 


1/2 


742A971H83 


R84 


121k 


1/2 


742A971H84 


R85 


1.21k 


1/2 


742A971H85 


R86 


200, 2PP 


MC°, + .0 


1% 651A117H03 


R87 


20k 


1/2 


742A971H54 


R88 


40.2k 


1/2 


742A971H55 


R89 


80.6k 


1/2 


742A971H56 


R90 


6500 


3 


742A973H10 


R91 


604O 


1/2 


742A971H17 


R92 


1210 


1/2 


742A971H18 


R93 


10, .05% 


3 


i linai onu 


R94 


10,1.0% 


3 


742A973H12 


R95 


330 


3 


742A973H13 


R96 


350 


3 


742A973H22 


R97 


60 


3 


742A973H15 


R98 


90 


3 


742A973H16 


R99 


49.9k 


1/2 


742A971H19 


R10C 


45.3k 


1/2 


742A971H20 



Code 


Ohms 


Watts 


Westinghouse Part No. 


R101 


30.1k 


1/2 


742A971H21 


R102 


42.2k 


1/2 


742A971H22 


R103 


56.2k 


1/2 


742A971H23 


R104 


511k 


1/2 


742A971H24 


R105 


2.0M 


1 


742A972H02 


R106 


4.99k 


1/2 


742A971H36 


R107 


10k 


1/2 


742A971H41 


R108 


lk 


2 


743A041H04 


R109 


lk 


1/2 


669A007H02 


R110 


10k 


1/2 


669A007H03 


Rill 


12.1k 


1/2 


669A007H04 


R112 


1.5k 


1/2 


669A007H05 


R113 


30k 


1/2 


669A007H06 


R114 


470 


1/2 


669A007H07 


R115 


68k 


1/2 


669A007H08 


R116 


200k 


1/2 


669A007H09 


R117 


4.7k 


1/2 


669A007H10 


R118 


15k 


1/2 


669A007H11 


R119 


100k 


1/2 


669A007H12 


R120 


5.1k 


1/2 


669A007H13 


R121 


120k 


1/2 


669A007H14 


R122 


1.0M 


1/2 


669A007H15 


R123 


2400 


1/2 


669A007H16 


R124 


51k 


1/2 


669A007H17 


R125 


27k 


1/2 


669A007H18 


R126 


390k 


1/2 


669A007H19 


R127 


150k 


1/2 


669A007H20 


R128 


22k 


1/2 


669A007H21 


R129 


2.1k 


1/2 


742A971H25 


R130 


2.87k 


1/2 


742A971H26 


R131 


249k 


1/2 


742A971H27 


R132 


4700 


1/2 


669A007H22 


R133 


200k 


1/2 


742A971H28 


R134 


lk 


1/2 


742A971H30 


R135 


1.0M 


1/2 


742A971H29 


R136 


499k 


1/2 


742A971H49 


R137 


100k 


1/2 


742A971H48 


R138 


10M 


2 


669A040H01 


R139 


24k 


1/2 


669A007H23 


R140 


62k 


1/2 


669A007H24 


R141 


1.1k 


1/2 


669A007H25 


R142 


39k 


1/2 


669A007H26 


R143 


20k 


1/2 


669A007H27 


R144 


10k 


1/2 


669A007H03 


R145 


40.2k 


1/2 


742A971H55 


R146 


20k 


1/2 


742A971H54 


R147 


4.42k 


1/2 


742A971H57 


R148 


27.4k 


1/2 


742A971H58 


R149 


300k 


1/2 


669A007H28 


t>i en 

nuu 


1 O ll- 

1^4, XIV 


1/2 


1 T^lil 1 All-X&j 


R151 


49.9k 


1/2 


742A971H19 


R152 


2k 


10 


742A975H04 


R153 


162k 


1/2 


742A971H86 


R154 


150k 


1/2 


742A971H87 


R155 


50 


3 


742A973H14 


R156 


4.02k 


1/2 


742A971H59 


R157 


8.06k 


1/2 


742A971H60 
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Code 


Ohms 


Watts 


Westinghouse Part No. 


R158 


16k 


1/2 


669A007H30 


R159 


32.4k 


1/2 


742A971H61 


R160 


255k 


1/2 


651A114H38 


R161 


127k 


1/2 


651A114H37 


R162 


63.4k 


1/2 


651A114H35 


R163 


32k 


5 


651A116H12 


R164 


16k 


5 


651A116H11 


R165 


8k 


5 


651A116H10 


R166 


4k 


5 


651A116H09 


R167 


2k 


5 


651A116H08 


R168 


Ik 


5 


651A116H07 


R169 


500J2 


5 


651A116H04 


R170 


255k 


1/2 


651A114H38 


R171 


127k 


1/2 


651A114H37 


R172 


63.4k 


1/2 


651A114H35 


R173 


32k 


5 


651A116H12 


R174 


16k 


5 


651A116H11 



1-1T. ZENER DIODE VALUE CODES 



Code 


Volts 


Westinghouse Part No. 


Zl 


4.3V 


743A004H01 


Z2 


6.8V 


743A005H01 


Z3 


8.2V 


743A006H01 


Z4 


15V 


743A007H01 


Z5 


16V 


743A008H01 


Z6 


22V 


743A009H01 


Z7 


2.7V 


743A010H01 


Z8 


20V 


743A011H01 


Z9 








Z10 


18V 


742A980H01 


Zll 


10V 


743A002H01 


Z12 


5.6V 


775A057H01 


Z13 


18V, 50W 


743A087H01 


Z14 


1.5V 


669A119H01 


Z15 


24V 


669A089H01 


Z16 


16V 


669A088H01 


Z17 


7.5V 


669A302H01 
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The following notes define the majority of the symbology used with the logic diagrams. 
(See Figure 4-1.) 

NOTE 1. Indicates a connection on this card to another point labeled with the same 
mnemonic. This signal originates on this card. 

NOTE 2. Indicates a connection on this card to another point labeled with the same 
mnemonic. This signal originates off this card. 

NOTE 3. Indicates the operation which takes place when this point is a logical one. 

NOTE 4. Indicates the card to which the point goes or from which it comes. 

NOTE 5. Indicates the connector and pin to which the point goes or from which it 
comes. 

NOTE 6. Indicates the number of points to which this point is connected. 

NOTE 7. Indicates connector and pin. (Connector A12, pin J.) 

NOTE 8. Indicates twisted pair cable. 

NOTE 9. Indicates the tab number on the wiring side of the board. The tabs are on 
the outside edge of the board, are equally spaced and labeled 1-7 starting 
at the bottom. 

NOTE 10. Indicates the tab number on the component side of the board. 

NOTE 11. Indicates to which indicator logic circuit the point is connected. A logical 
one at this point turns the indicator on. The indicators are on the outside 
edge of the board, are equally spaced and are labeled 1-6 starting at the 
bottom. 

NOTE 12. Indicates the connector and pin on this board. 
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CIH S, O 
C5-LS -® 



2> •* S— I— C7-LK. (t) 



Si 

C6-ut (2) 




M>t — Vo-7 
BI5- M4 -{«!) 






ci-in-im 




ftis-m — pJrTsy- 






SUM -2 



\- tfc-L4 
L t»-L4 



SUM- -O 
H, gg Ca-WT 



MHI7 -WT 



EOA 



WS-L7-ED- 




I« 



c^-MitHEB' 



ftS!>- 



»£3_ 



~1 



^ -13- 



LAMP CK'T 



I Plu O »LL MOO OUU. HULMD*> DUU. MUJD^ TO GND (l>) 

t 0|M 4 *n DUM. NUNOV To «fcV 

• iMOC«C« COUMBCTIOtl TO PWtVKXJ^.T' DCMUtTIO OOMM. 

PiU MO. or S>M( MNBMPMC. COMIMb no« CHrcaMU. SOURCE. 
A INDICATES OOMHCCTTON TO IWTUNU. 4DUOCC ON CAAO 

OC MM IWMSMOMIC. 






->Twr 



T 



3>- 



SOM> +0 



K S> 



c-t-s 



-Eg— b4 -M9te) 

-A* H<i 

-AS-Mft 






oo oa 
E°> 



OOR-02 



£~ 



4 >AI1- 

J >AI2- 



JJ 



BS-LI 



63 



* 



%» 



WPtlNOHOUM MCTBC C O M O t AWOM 



&*y * ' T *T~ 



•y^fecb; 



~ >~- . 



5i€Z£.22_3. 



M-uio-, 
OB-mo-l 
U-mioJ , 



Of- 
«-• 
ti- 
ll 



71 



Bl5-MB-@- 



«■»«-■ IS • • — 4 1 

UrltGfl > » w » **t ( C) 

'1 




AOC—Vo-1 
B!S-h4-{hE] - 



BlS-ili -(wst— 



M® 



* P 



m 



ty 



suni 



-CS 1 i 06-L* 

-LS 

SUM- -O 
-M — S3 Cl-MIT 



-I — Ul»-L 
h 09-1 

C t9-l 



c^-mit -pna r- , n 
Bs-Mio-iim c *'* 






feifc-LlfclTTV 
55L7QD 

Blfc-Ul-CD 
(»)4p — fT7>- 



LAMP-CS] *2*V 

BUS LAMP CUT 



I Pill O »LL MOO OUU. N&MOV OOkL MMJD^ TO OHB 

t P|» A «U OUM. N»NO» To«*V 

• IMOIO.TC* COUUCCTOH TO PVCVtOUVLT- DCMtUTfO CONK. 

»iu mo. or urn imibmowC comims root* imawi jounce. 

A INDICATES COMMCCTION TO IMTVONU. 
Or ttKI WNIMOMIC 



a.) « " & r ^ 



!►* 



W 



2>-* 



TSB1 
* 9 A-H- 

— r on 



SUM- *0 



-63— -c«-Mifc 



C-s-4 



4 2Li- 



-S— BS-H9fel 

r »J-m 

-A*- H T 

-aT-« t 



- K5V 



f 



OD H-03 

b" 



bT-li 



-J >Ali- 

-» »A^- 



DO 



54 



t™. **oa*c to - K »Wf.L 






&- 7 # ' 1^ 



-y*fa& 



-M.Tc.IZT. 



I 




»us ian _ 




o-i» — , 

A3-LS — 
Afc-t* _ 
A T-L9 — 



lU-Mf 



ais-i.3 E3 »- 

Ol-H 



3£- 



M-niaaa- 




«2-5_ 



cs-L4 i a>- * 



i & 



a^ 



* 



Hn 



Bifc-ngSSh*-^ 






,.!* H&[je>-.. 

*vJ-~ * 



i* 






r-», 



a- 1 



»5-M6-gD- 



■KK ^o- 7 ,l 



C5-LS- 



m — iX? ss 

* S>— t — Eh- cs ' in 
i_r J U-c7-i*(« 



AOC-'Vo-! 

B<5-n4-(EE)— 



CLR 1 

ci-ub-iCD > 




6&-L6 



\4 
BiS-Lll-|8T|— 



6SMoJm5HZE 



cUK * 




l 5. 



c<ini»-giB- 






sus 



> PIU O tLl. MOO CUU. N*NO«> R*. MfcMO* TO (WD ft.") 
t >|M 4 til OUOV N>NOS To *fcV 

• <MOtuTC* ~r-Tf"" to Pttevtomir ocwwtTco oomu- 



RU MO. 0» WMI MWUMMIC COMIW& TOOK. [ITUWU «0URCC 



A INCXCATSS COUNKCTION TO IMTIOUU. ^OURCS ON CAOO 
OP WMI MMSMOMIC. 




■ffc^. 



e-4-s 





rid 



I 



CO 




^(.V „+ifc* LOGIC 
BUS ED — f- 



S-L9 -i 



1 



-J< — ' To T "• *& 







" '"* T cn-V 



INPUT s: 

MS-L3E3 — H 1 + 



^ *-S_ 



B 



bl-Ulfir ^g- 



»- 



X2_ 



3> — ' 



* 



cs-un-a-S^J -t 



Hm 



Bifr-LiStfc) *"** - 



^a_ 



Bifc-LI*ET> 
6 II -LI ED- 



I-»x 



1 & 



tip 



Bifc-uz-B] *"** 

(B)lOP — |ZJ1 . 



HH 



cl» s|a. >b,l 



CLft S, 

C5LS -S 




00-16 .4) 



4(7) ,, gg — -CVl6(<> 



L^ 



adc.— Ve-is 

Bl5MS-f^»1 — 



M-16 



CL« I 

ci-Li(._jg. 




w 
aist.ii -ji»r) — 



;e&> 



*• D- 



SUM9 



h Oil -Li 

h t a-L& 

L- 1 1 1 - L5 



SOfV -O 
_* £3 CiMIT 



c*m7-gja rT, 

nmo 4m c » 



clR k 
WSLI-Eh 




L* 



C4-HUHS& 



ftes*- 



C-6-9 



J5* 



LAMP CK'T 



I PIU O ILL MOO OufcL HKHO%\ OutL U*MO% TX> OMOi Cl<) 

t 1H 4 All DUAL N»NOJ To.fcV 

• IHOK4TC* COWNCCT4U TO PtttVKXJVLY' OCVOMtTCO OOUM. 

OiM MO. 0» SUM MUCMOWIC COMIMG rOOM CITCRM1L SOURCE . 
d INDICATS5 COMNECTON TO mirCONJU. WOBCt » Cl« 

Ot «UU MMMOUIC 



M fi> 



is*— 



sh 



SUM- *o 



Bll 



K S)- 



-g3— SH-H9U) 



I-AS-HI1 
hAS-H'S 



3>- 



OO 09 f-ATHlJ 

|P°T- 



o ot-o» 



r 



4T 

Bio-li 



-»AI£-t 
-»AlZ-4. 



EMO 



N(n wi •»# cm 



• M toM ' <M 



g- "HV5 

^ ace I au 



WtSTINOHOUM IUCTIK COWOMTION 

Tin. rmOQAC fQ - >* PANE.L 



- mmtmm KlLl I 



r.^ ' v 'yM'E 



- fl ufeD 



»^9 UK? 



J8£.7_C _Z_3p_ 



B(5HiO— (53 — ■ ffi L L-3 



'7w — ■ — gg-p-M-.acD 
55 




S.o 
— T^*l — [ — CS -L"> 11 
L_ c IO-lSLI) 



AOL— S/ft- iS 



ol5UI-P"S> 



•0 C^L4 



C4-HH-E& 



Bib -U2-Q} 
(6)11 P— {Tj}- 



BOS l»MP CKT 



I. P1U O At-L MOD OUM. NfcMO«« DIAL M4MOS TO GMOl Cl») 
t1»4 All DUAL N»NOi To»fcV 

• ihokdtc* couuccrou to p«e«ou«kT- oc^iaMU-eo cown. 
piu Ma or swi mucmomic coming foom> Etrteuu. source 

a 'NCMCATE5 COMtiCCTIOM TO IMT-EONJa. "iOOKCe OM CA.OO 
or S4MC WNSMOMIC. 




I 
to 




bi5-«io— (*g — 



Sit 



cT " RS, ° IVb- 

C5-L5-H 1" ^ 



-S-T— 0S-LI1 
I— tJ-LII 



Bi S- H5 - f*» 1 



CI* 1 

ci-ufa-inv 




■w ■ 



C4-US, 



s*er 



2>- 



& 



SUM ,1 



I— til - L4 
SUM- -O 

~m gg — cz-hit 



C4-HI7 -E 



EOA 



C-li-H 



W5L1 










C-u-i-i 



ft 



I Plu O »LL MOO OUM. MkMDV OUtl. MUJO"> TO WD Cl<) 

t1«4 AIL DUM. M»NOJ To»fcv 

• IUOKATE4 COMJECTOU TO PRtVOO^LV DC^WiMlTeO OOWU. 

piu ua or stmt mukmomic QOMiua hum eitermal source. 

^ iNCMC&TCS COMHCCTION TO tuTERNiL SOURCC ou CARD 
OP Sfcka MMEMOMlC. 



■A— B 



H fi> 






SUM. +0 



kc=: K 2> 



C-it-n 



-453— Bi4-H9(z) 



.*li_ 



-A7« '«- 



<u°W-l — — k — >*ia-i 



Blb'Ll 



bi5 



CI WM 1 



wisiinonouh tucnuc covo«AnoN 

T.r. . f*iOO* c fO - M PANEL 



<y/r cvw^ tfti'f g«Mm: Q<t ig UBC) 



z& ~ ? 



w0 



W^t 



nA 



.^jluU^fc^T" 



l«JTW ITtTtHt DtVtMON 



3G7C133 



♦<?<•< . ,«fcV LOGIC 

6uS (5T} 

OS- LIT -i 

t«-Ln-L-i-|ia. ' = 

OS- Lift 
M-LI& 

tS-LI 
tll-U 



lU'H 

MK'1 — 
»S-U7 
A*1I7 — 
AM.<7- io .,j 

*U-e < ■ I 



A 3 } {g^ES-f 

I I — H5-L 



1>1 

C 4-Lll 




ADC— S/a-ii 
B'5H3-f^B> 



&IS-HI — pTsT- 



B'fr-ufcirry 



6lfc-U2-£D 



(6)Up— (I7V- 



«AM> -GUI *2*v 

SOS LAMP Ck'T 



7 n c«-m»-EB^ 

E5J — c*-us> 



t Pin o »l-L MOO DUALNAUOt' DUAL MAMOS ITS GMO. Cli) 

t. OtM 4 All DUAl NANOS To ««,V 

• INDICATE* COtlueCTOU TO PB£VIOU*l.r' OC«l«MATeO CONH. 

PlM Ma W SAMK HWaUONIC COMING nw eiTtRMAl SOURCE 
A INDICATES COMNECTIOM TO IMTCRMAL. VUACC OM CAQO 

Or «IUI MlNEMOMtC. 




CJ-l.il © 

Cl-HlBfjEf 



SA2 



-BIH5LB6I 



IRpss 




C '- L » ?lf It* 



CI-LIS 
CIL2 GSJ-2& 

CI-L5 

ci-tiOE 

C5-L13 

C41I4ET 
C4-L7 - 
C4-HI4 
C4-H13 



AS-H5 
H5 
H5 



JJlZ-HS 



Be-L|| 
B9-VII 
B10-LII 
B11-L.I1 

BI2-I.II 

S'.5" ul 
BI4-LM 

l L A2-H7 

B8-LI4 

B9-U4 

•IQ-LI4 

Bli-t 14. 

6I4-U4 



CS-LlBBaSp- 
C4Hi3E2±r- 
'to 



C31I5EZ) 
C51I0E1 

c5-«7inf 

C(-LI4ST5 

C1-L6E2 



^"^ E-CI2HI6 
L A$UO 




ClHI7fBii 



.Tl 



cinio^K 






©^ =_ 



+26VUGIC 

+2 | V S ED- 



fb ^^ H- 



, B5-na 

-ei-MS -B6-HA 
-KH« -B7-H5 



hB3we 

B4H6 



APP 



is&asfes- 



fk>- 



H2I-2 

-VW — +6v 



B8-MA 

, .-BI2-H8 

-B9-H8UBIS-Ha 
-BI0H«L B I4-H8 

L&M-H8 



^-^ -m.- wis 

-B3-HIS 

-B4-HI5 

-BS-MI5 

-B6-MI5 

B7-HIS 

B8-HI5 

&9-Mt5 

BlO-HlS 

BII-HI5 

BII-MI5 

SI3-HIS 
14 HIS 
Bl6 L6(4) 



"^7 



(B)I5REE^- 



** lr >* ±C6-I 



-+6v 



pC«HI5 

i->A2H»a 



PROD AC 50" SERIES M PANEL 
"S" REG. DATA TRANSFER LOGIC SCHEMATIC 

Reference Dwg. 867 C 235 



NOTES: 
/. PINIOALLNANOS TOGND. (il) 

2. pjh4/iil manbsto 6v except wheke inpicatea 

© indicates connection to pbeviously 
designated conn, pin no. of same mnemonic, 
coming from am external source. 

a indicated connection to ah internal 

SOL/ME ON CAM OF SAME MNEMONIC. 



BI5 



Bl5| 



os 

i 

to 

00 



ci .■iE5> i 




..»(0 



7b — t — [J7jj>^-(5g- ='■-•"• 




r*i n 


-69 


-e* t 9 


— B'O- 


-e: l9 


— 8li- 


-M ..9 


-G'l' 


-6f.L9 


— BU- 


-»>•-? 


-Bta- 


L »7 ;9 


L-:2- 



(biupEQ 



• IT 






E D- 



- |iMl J-i'f (SI 









LS 


• U-' 


w 




% 


°'' 9 2 ' 


rr 


o'^lo 




z 


E. 




.. I 








I " 


" 


A. 


Js.T 


>u 


7 


• " 


«... 


» 




j^H 


"■"S 




Jt»t 


•■iQ 













>14v 






TF" 






B 3-Hl 



f'O 






f« 


• 


C 


w* 



SH 



c S- 



_ 1 j^ 



l;:^ 



-ai-ik 
-es ik 

Bill 

Let t<» 



— 87-1 to 

-»'••■ u. 

-BU-lfc 



ttt 



cvto.Fi?l- 



— (C«^> — B'5-LB 



Pin iO M.L UAMOS TO GNO(LI) 

Pin A ILL MtM0% t O l«V. EXCEPT WMCee IWOtCfcTCO. 

NO'CITE* CONNECTION TO PRE viOOWV Oes«MlkTCD COMU. 

PiN MO OF SAME MMEMONIC COMIU& PROM EtfTCRNAL. SO«J«CE 
indicate* CONNECTION TO iUTCRNU. 4OO0CC OU CARD Of 
SAME *4NE<AONiC- 



Bit 



DO MOT KftU OMC 

•»(** AIL IHMt* 10C(S W« 



WfSTMOHOUSt IUCTWC 



,TtON 



g ~x wt. TB>Nsre« uxae schematic f;»» i 






^7 



PUTCR SVSTIMS DIVISION 



jS&ZC_2_3<e. 




C5-UI7 



_Al3-«i 



O— B15-LI0 

T-BI6-LM 

-A. "-C5-LI4C2) 

" 'CO)— BI5H9 

fa- BI5-HI4C2) 
&0) L C5-L6 

aaKjaE Ba _ C6 . tl5 

e}r-&i6H3C3) 

h-C5LI0 
•-A8-L3 



STOP 



KS8-Z 




+26v BUS-t-BT} 
A13D< -3™ 1 * 



+26vt06IC *S6-> 
3&7T 



AI3-C <• 



(C) I P. 



PSC 



"™~3*s»te 



MM 



+26v 

IAMP 
BUS 






-+&V 



vlAMP CkT 



^4 



NOTES: 



1. PIN 10 All MOO. DUAL HANDS* DUAL HANDS TO GND Q. I ). 

2. BIN •* All DUAL NANDS EXCEPT WHERE OTHERWISE 
INDICATED TO 6v- 

A SYMBOL INDICATES AN INTERNAL CONNECTION ON 
BOARD TO CONNECTION OF SAME MNEMONIC. 



MC 



B15-H6(4) 
C5i9(4) 
C6L5(5) 
BI5-H 15 




EI0-L3 



C63 01-16 
PROD AC "SO ' SERIES 'M' PANEL 
TIMING CARD LOGIC SCHEMATIC 0* TC) 

Reference Dwg-8G7C237 CI 



-B6-L2-BU-L2 

-67 L2 " B12.L2 

§8- It -BI3-L2 

B5-U" BI4L2 

< -&IO-U L C-4-M9 



_L 



ftia-H^EjgCLRD.i 



6K-HS r gDES 100— P 
Bl-Hljgffs5SL2_ 



PESLOG-«-P 



» 



e- 



SUM 13 



GlM 



SUMO 



RlfiUmjgCLR.P.O 



F 5>--Q 



& 



CLR .D,l 



r 8i -hivBMm e PES L0G ^I> 

■fttH4-ll(W»C - .SU^»-o 

fefeii 



I 



WH7 



L .2-H7 
■&VH7 
14- H7 
-65*7 

8» 



Sy M s +° 



j fglR ■»■<> 



-SIQH7 =— _ 
■BII.IO flCLR PI 



- ClLiSiga-aag- 




BI6-H4 Ei} 



t>-i 



EVEN 




&■ 



CLR P.I 



BJ-L7 |3h|A- 
BI6-L20} 



Z— •• X 



» 



PES LOG--P 



6 "*"* flfeo- 



K »-J 



E^f^V) 




04 



& 



Bl6-H|4|ig. 



?-»t> 



^h 



-|g-65-U c41«p™S 



D-2 



ZERO 



,i3Eh 



Z3 

-(E1-B4-L4 



?->D 



IMB> 



1 



>D-*2 



Z— D 



PLUS .-- 



-M-B3-L4 



N lh 



D-Z 



Dl 



E-P 



H^ 



OVERFLOW?! 
— ES-B2-U4 



C4-UI4BI 



HEh 




C4L6 »^'° 
C4HI5 MB 
C4-HII HW 
C4H 3 HI 



"4 



53--rBI6-Hl3ft) 
(-C5-HIO 
JUMP t-c6-HIIW = 
V|2>^%ihC3-HI7(2) 



+ 26v 

BUS ^/?60/ 

LAMPEI} 
6US 



+ 26VLAMPCKT 



D-*2 



aM. 



R S> 



END AROUNP 
CARRY 20 
[T5}-B|L4 



2-D 



RD-, 



NOTES: 

>■ PIN I0AUNAND TO GND. UO 

Z. PIN 4 ALLNANOS T0+6V EXCEPT WERE 'sOiCATEO. 

©INDICATES CONNECTION TO PREVIOUU DESIGNATED 
CONIJ. FIM NO. W SAME MNEMONIC COM i *5 FROM 
fiXTEBNAL SOURCE. 

A INDICATES CONNECTIONTO INTERNAL SOURCE ON 

CARD OF SAME MNEMONIC. 

PRODAC "50~S£RIES-M" PANEL 
DESIGNATOR CARD LOGIC SCHEMATIC (2 DC) 
ffeference Dwg a s 7 <z 23s C Z 



.\SM 



1 




XLZjt (I) 



C4-tl7(S 



CIL3 



+26v 



PSC 
(C)3P[u} 

BUS 




^ (2) 



" ^ 12) 



^ (i) 



<l) 



SETlffFROMlI 



(2) 



MQ M .jU MPe§HC5 . H|| 



.SEjnJJMMBIDH* 



/Opy-' 



/?-?^-7^ 



CIH6 
C4HIL 

C5-L7 



?SA2 

^0' L C6-H4'-;, 

SA2 
-, — (CmT-Blfe-l-4 
' — -CO.- L 9 
*W - B I5-hW 
-C5-HI5 

LA2-L9 



5A. 

C6MIS(i; 
A2-LII 



AI3-X 



AI3 



BUSEB-^r 



+6v 



.fLl) 



+26V 



LAMP CKT 




C4-HI5CJ) 
-BI5 LI4 
C6-H£(4) 

BI6-H9C8) 
C4--L2C5) 
BI5LI3 
A2LIO 

viaclrhaonly NO ACTION REO- ' 
=ABSENCEOF© 

Ell, SHEET C5 (ITCO 
= D5,SHEETC5 (ITCO 

F5, SHEETC5 C'TCI ) 
-NORMAL ITERATIVE INTERRUPT 

SCAN, SELF EXCITED. 



notes: 

i. pin io all nands to grd. 

I. PlM 4- ALL : -.-,: ' -. TC +6V 
©INDICATESCONNECTION TO PREVIOUSLY DESIGNAL„ 

CONN. PIN NO.Of SAME MNEMONIC COMING FROM 

EXTERNAL SOURCE. 
ABDICATES CONNLCTI ON TO INTERNAL SOURCE SEQUENCE PATMS VIANAND NOS. 

ON CARD Or SAME MNEMON IC. & ON OUTPUT IMPLIES 



" TAKE THIS PATH" 



WESTINGHOUSE ELEaRIC CORPORATION 

PRODAC' 50 SERIES M" PANEL 

SEQUENCE CONTROL - CARD LOGIC SCHEMATIC t ICS^ 
Reference Drtg 867 C 259 ■ - VJ 



OS 

I 

w 
to 



C -.»■■<! 



Kifr LKlSg)*-^ 



SiS-i«g5-£J- 




B n.,»Eg^- 



g- F 



es-tufiaV 



* r 1 j -ip z>- r -ftii.- l ■;■!, 

i< ^A2-uJ 

B @ 1 T f, ' taB-r-: t ?.:,'° 

~Z_— -^ Lt(*-HT 




.<.<""-• 



H S- 



K C i. -HI I v *> 

— , _ L ^'---4 




i! 



— ' IJ) >-c:-«t 

Lai- l 7 




i* 



4 -' - 


52 


A r 


0.-2 


i F - 


-3 


t R 


Hi 


— I s ** 


HI 


■=Si«*- 


-=3- 



Is 




r.. 


"^n 


c» 


" « 


St. 


-3 


■iii 


- 5 


icZ* I 


rr 



BE^J-j-^f^U; 



^-r 



-I 

TO O.SRjPT AOCESl Cfc*RY 
To avoid (*o> Sum 






ST» 



-@-rCJ-H4;j. 
l O-l8 



cj-ujEV 5 - 






< g) . 'C'-"">''' (JT}-g l 4-L4. 



• -*_ 



:«£- 



(ciftMlH 



F3S 

ewe 



Jfur. — BI4L7 



.Si 






OCR 



:3-*i<„Ee 



*^ 



fifcV| ul i*ltVLO<,it 

eus^il ^ 

,PSC 



M [g. "^""i" 



Poft INC. 

s in tt sc» 






(C)4P 






ug- 



^ r WHiiui 

""""Si -•♦•miiu> 
-*i-Hirw. Bu . Hllai 

■»•>«»<« -»„-Mlltt, 
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THE INTERRUPT SUBSYSTEM 



GENERAL CHARACTERISTICS 

Interrupt Defined 

The Interrupt subsystem is the means by which a plant contact, a peripheral unit, or an external 
signal can call up directly a program in core. The subsystem is organized on a priority basis 
so that more important Interrupt inputs are scanned more frequently. 

Interrupt Circuit 

The Interrupt subsystem uses a saturating core buffer storage element for each interrupt input. 
Sixteen of these storage elements are located on each EI card. 

A maximum of four cards can be used to bring the system up to its full capacity of 64 inter- 
rupts. 

Operation of Interrupt Subsystem 

Operation of the subsystem is as follows: Each sequence III the computer generates a probe 
pulse which checks the state of the interrupt input contact closures or signals. If a contact 
closure is present and the Interrupt core has not been previously set, a four-layer diode is 
triggered, and energy is dumped from a capacitor through a winding on the saturating core. 
As the core switches a signal is supported on a secondary winding called a "Hit" signal. The 
Hit signal sets a flip-flop. If the computer is not running under lockout, it completes its cur- 
rent instruction, then enters sequence I, which is the Interrupt scan. Successively the com- 
puter routes a pulse through each of the Interrupt cores until a response voltage is generated, 
and the lockout flip-flop is set. The computer then goes to the location identified with the par- 
ticular core last scanned and does the instruction in that location. 

After the particular program called out has been run, the program will clear the lockout flip- 
flop and the Interrupt scan will once again begin to find lower priority inputs or other high 
priority interrupts which may have been set while the computer was running under lockout. 
When the scan is completed without finding a core previously set and able to trigger the Lock- 
out flip-flop, the computer will execute the next instruction as indicated by the program counter. 

Block Diagram 

A block diagram showing the Interrupt Subsystem is given in Figure 1-20. An interrupt is brought 
into the computer in two steps. First, the input voltage must rise to a sufficient level so that 
the Interrupt core can be set during probe time. When the core is set, a pulse is generated 
which sets the Hit flip-flop. Second, the computer must scan the Interrupt cores until a re- 
sponse voltage sets the Lockout flip-flop. The computer will then execute the instruction in 
the location associated with the last core to be interrogated. 
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Figure 1-20. Interrupt Subsystem Block Diagram 
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SEQUENCE I DETAILS 

Description of Sequence I 

A flow diagram of Sequence I is shown in Figure 1-22. At the end of each instruction the Interrupt 
Lockout flip-flop is tested. If Lockout is set, the machine immediately proceeds to Sequence II. 
If lockout is not set, the Hit flip-flop is tested. If there has been no hit, the computer moves 
into Sequence II. If there has been a hit. the S register is cleared, and Sequence I is entered. 

Before the end of each Sequence I, the S register is incremented, and the Interrupt is checked. 
If Interrupt Lockout has been set by the response voltage from an interrogate pulse, Sequence 
III will be entered, and the core location will be accessed as determined by the contents of the 
S register. If the Interrupt Lockout is not set. a check will be made to determine whether the 
scan has completed interrogation of 64 cores. If not, Sequence I will repeat. 

An interrupt occurs in the central processor when the "Hit" flip-flop is set. An interrogate 
interrupt address scan is initiated and proceeds at a rate of 1.5 microseconds per address. 
The scan always starts interrogation with address 01 and proceeds to interrogate addresses 
02. 03, 04, . . . n, where n is the address of the interrupt input which has occurred. When n is 
identified the scanning stops, the memory device containing n is reset, no other interrupts are 
permitted, and the central processor is caused to execute an instruction in the core memory 
location corresponding to n (64 core locations, one for each interrupt input address). 

Generally the instructions so executed will be a Return Jump, which stores the location of the 
last instruction of the interrupted program, and initiates a new program. Thus any of 64 new 
programs may be initiated without losing track of the interrupted program. 

It is important to note here that the interrupt unit is locked out when interrupt input address 
scan is initiated. It is necessary to clear interrupt lockout to recognize concurrent and future 
interrupt inputs. Figure 1-21 shows the interrogate interrupt input scan timing. Note that the 
"Hit" flip-flop remains set (scan continues) until last available address is interrogated. 
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USE OF INTERRUPT INPUTS 

As previously noted, interrupt inputs are used to obtain central processor attention. In the 
absence of interrupt input signals, the central processor proceeds completely unaware of the 
peripheral equipment associated with these input; consequently programming time normally 
required for monitoring purposes is reduced. In contrast, however, half the available interrupt 
inputs, on the average, must be scanned to locate an active one; therefore it is desirable to 
keep the number of interrupt inputs provided small. Average scan times are 36, 72, 108, and 
144 microseconds, corresponding to the quantity of interrupts optionally available: 16, 32, 48, 
and 64. Examples follow of how interrupt inputs are used. 

I/O Request 

There is a finite time necessary for the peripheral system to react to a function given it by a 
central processor. If the function is to output, prerequisite to that output is knowledge that the 
peripheral system is not busy, hence ready to accept the output. If the function is an input, 
prerequisite to the input is data preparation and presentation for input. An interrupt input may 
be used in each case (output request, input request) to notify the central processor that the 
peripheral system is ready and can be committed to function. 

Process Events 

In application, whether for monitoring or for monitoring and controlling a process, an interrupt 
input may be used to define a particular time in the process which is critical to it. This time 
may be an incremental gate for the error signal to the computer as a direct digital controller, 
it may be a limit detector for temperature or level alarms, or it may define sequence in open 
loop control. 

Avoid Over Use 

In considering particular system interrupt input number and repetition rate requirements, both 
"hardware" and "software" restraints must be taken into account. The hardware presents an 
absolute maximum system capability (i.e., 64 inputs per maximum system). The address in- 
terrogation scan always starts with address 01 and proceeds to interrogate addresses 02, 03, 
. . ., n, where n is the address of the interrupt which has occurred; consequently, there is a 
priority of interrupt input assignment to be considered. 

Prcgramming limits the interrupt input repetition rate because some programmed routines 
are executed under interrupt lockout. When interrupt lockout is set, the central processor 
wil not accept additional interrupts. It will store any interrupts that occur during lockout, 
and will accept them after lockout is cleared. However, if two or more interrupts occur on 
any one input during a continuous lockout, the central processor will recognize them as a sin- 
gle interrupt. 

Filtering Available 

Several interrupt input filter modules are available to provide interface between plant signals 
and the central processor interrupt input module. Sixteen inputs are provided for on one mod- 
ule. Interrupt rates, exclusive of programming constraints (charge and discharge time con- 
stants consideration), range from 15 interrupts per second to 200 interrupts per second. 
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USE OF MEMORY 

Program Origins 

The 64 interrupts access core location 00001 through 00100. The highest priority interrupt 
instruction should be entered in 00001; the lowest, in 00100. 

Automatic Selection of Origin 

The computer responds to an interrupt and immediately accesses the corresponding core lo- 
cation, and does the instruction in that location without modifying P. 

Avoidance of P 

The program counter location is not disturbed during an Interrupt scan. 

Use of RJP, Y, I 

Return Jump Indirect is typically stored in the Interrupt location to transfer control to a pre- 
determined location and to save the P register contents. These predetermined locations are 
contained in addresses 00102 to 00201. For example, the P register is saved in the location 
that is in 00102 when the Interrupt comes into location 00001. The computer jumps to the next 
instruction called out by the 00102 address. 

Shown below is a typical program accessed by interrupts showing Return Jump Indirect to a 
"link" location, storing of P, Designator and Accumulator, running of program, retrieving of 
Accumulator and Designator information of interrupted program, and CLJ Indirect to location 
containing P to end lockout operation and return to interrupted program: 

FUNCTION 

Transfer to predetermined location and store program 

Transfer address for interrupt #0 

Storage location for contents of P Register at time of interrupt 

Save registers for restart 

Execution of function requested by this interrupt 



LOC. 


INSTR. 


1 


RJP 101+1, I 


102 


5000 


5000 






SDR A 




STL B 



Reload registers for restart 



ENL B 
EDR A 
CLJ 5000,1 Release lockout and transfer control to interrupted program 



Use of CLJ, O, I and CLJ 

Clear Lockout Jump Indirect to P (CLJ, O, I) stored in an Interrupt location to ignore an inter- 
rupt and return to the program that was interrupted. 

Clear Lockout Jump (CLJ) is used any time the programmer wishes to end operation under 
lockout. 
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ADDING INTERRUPTS IN THE FIELD 

Location of Cards 

The EI Interrupt cards are located in slots C13, C14, C15, and C16. When using only one card 
in a system, the 3EI card should be located in slot C13. When adding cards to the system, the 
cards should be located in slots C14, C15, and C16 in that order. 

Modification of Scan Termination 

When only one EI card is used, the scan should end after 16 cores are terminated. When four 
EI cards are used, the termination should be altered to include 64 cores in the scan. Instruc- 
tions for altering the termination are given on the IC Interrupt Scan Control Logic schematic. 

Options 

Options of 16, 32, 48, and 64 interrupt inputs are available in the system. The unit may expand 
in groups of 16 inputs. Required to add a group is: 

1. One central processor interrupt input module 

2. One or two interrupt filter modules for each type of filter required 

3. One cable to connect central processor interrupt input module to the interrupt filter 
module 

4. One cable to connect each interrupt filter module to standard termination areas. 
These cables will contain necessary terminal hardware to complete the assembly. 

Interrupt Assignments - Standard 

The following interrupts will execute out-of- sequence the instruction in the corresponding core 
location for any P-50 series computer. Of course these are only suggested as standard; each 
system is designed to the user's specifications. 

Interrupt Core 

Number Interrupt Location 

Power Supply Failure 01 

1 Analog Conversion Complete 02 

2 Real Time Clock (Sync.) 03 

3 Contact Closure Input Read 04 

4 Contact Closure Input Complete 05 

5 High Speed Punch Complete 06 

6 High Speed Reader Complete 07 

7 ASR Input Complete 10 

10 ASR Output Complete 11 

11 Contact Closure Output Complete 12 

12 Logger Complete, 13 

Other interrupts such as extra loggers, punches, readers, and process interrupts will follow 
the above in a preferred order. 
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TIMING CHART 

The timing chart for Sequence I, which is the Interrupt scan Interrogate cycle, is shown in 
Figure 1-23. 
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Figure 1-23. Sequence I Timing Chart 
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I/O DRIVER PANEL D PANEL I0O2 



GENERAL DESCRIPTION 

The \/d driver panel has card slot capability for translating half select lines and 
1/0 data lines originating on the P-50 main frames or P-550 "T" panels to word 
and channel drive lines for either CCO or CCI multiplex xchemes. It also has 
channel driver capability for 1/0 devices such as the high speed reader, punch, 
ASR, and Selectric typewriter. 

CIRCUIT OPERATION 

Circuit operation is best explained by defining the back panel wiring layout in con- 
junction with the data lines from the computer main frame. 

Each slot of the I/O driver panel from slot 1 to 14 is buss wired with I/O data Input 
and Output lines brought in on connector 21 or 23. Each slot then has an individual 
half select line brought in from connector 22 or 24 which serves as its own channel 
address. With the wiring so commoned any card which requires any of the above 
data can be interchanged and used in any of the 14 slots. The following is a list of 
the cards that can be used: 

RB, DE, SL, TS, TN, TO, 4IF, PSS, CD, CB 

The two slots 15-16 are wired for word drivers with 16 half select lines per slot. 
A specific addressing scheme exists and is shown on the attached block diagram. 

There are a total of 4 "D" panels with addressing as shown. No word driver 
capability is available on D« and D but the slots are wired for power. 

There are two cards which can be used in any slot of the panel and these are the 4IF 
and the PSS. The reason is that they require no back panel wiring in the case of the 
4IF or only power in the case of the PSS. 

Interrupt wiring needed on many of the cards used in this panel is made on card edge 
connectors with separate cables and have no connection to the panel. 

The 56 pin Elco connectors 21 and 23 are wired exactly alike and act as termination 
point from the computer or T-panel and is a transfer point to other "D" or "A" 
panels. The same is true of connectors 22 and 24. 
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NON-MULTIPLEXED CONTACT CLOSURE INPUT SUBSYSTEM 



GENERAL DESCRIPTION 

A. Non-multiplexed contact closure inputs (CCI) provide a fast means of entering 14 
bits of data simultaneously into the computer. This is done by means of a Con- 
tact Buffer (CB) card located in a D panel. There is a maximum of 14 CB cards 
allowed per panel with a maximum of four panels assigned to a central processor 
interface unit. 

Figure 1 is a block diagram of the non-multiplexed CCI sub-system. 
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B. Non-multiplexed CCI may be used in a variety of applications such as detecting 
process contact closures, computer-to-computer communication, sequence -of - 
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events recording and telemetry data collection. The first application above Is the 
more general one, and will be discussed below. The latter three functions are 
similar, but for special applications. 

II. SPECIFICATIONS 

Inr.ut Requirements 

CI 1 , cards to monitor process contact closures operate with inputs of 48 VDC or 125VDC. 
A 4SVDC source is supplied with the computer. 125VDC may be supplied with the 
system or it may be supplied by the computer user. The supply should not vary more 
than t 10'i ; the capacity of the supply depends on the number of CCI's being driven, and 
other loads on the supply. 

Reference CB printed circuit card description for voltages required on the different 

CR cards. 

III. CIRCUIT OPERATION 

A. deneral 

In the general application of detecting the status of process contacts, the non- 
multiplexed CCI circuits are operated in the open-loop mode. No timing adjust- 
ments are required. 

CCI scan frequency is a function of (1) filter charge -discharge times and (2) pro- 
gramming. On both the 2CB4 (48V) and the 2CB6 (125V) cards, the charge time 
for the filter is approximately 0. 80 milliseconds, and the discharge time for the 
filter capacitor is approximately 4.50 milliseconds. Both of these values are 
worst case figures for must-operate conditions. These charge-discharge periods 
indicate the maximum rate at which the inputs will follow the change in status of 
plant contacts. Software then initiates scanning of the inputs at appropriate inter- 
vals as required by the process. 14 bits of data (corresponding to the 14 process 
contacts tied to one CB card) are taken into the computer on the execution of an 
input command. The channel is addressed with the low order six bits of the in- 
struction word specifying the channel number. 

B. Circuit Description 

Figure 2 is a simplified portion of a non -multiplexed CCI subsystem. It is one of 
fourteen stages on a CB card. The channel address shown for this card is channel 
37 , and the input data bit is number 13. If the plant contact, PC, is closed and 
the voltage V, is impressed across X19 and X3 charging capacitor C, input data 
bit 13 will present a "1" to the \/0> interface when an input command is transmitted 
over channel 37. If the plant contact is open, capacitor C will be discharged 
through resistor R. Then when transformer XI is pulsed through the action of the 
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half-select circuits, capacitor C will short out the transformer, and a "0" will be 
presented to the I/d interface on the input data lines. 
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CONNECTORS & TERMINATIONS 

A. Connector Breakdown I/O Interface Data 

Note: This breakdown applies to the P50 Interface plug A12 or the P550 
Interface plug A 10. 
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n. Connector Breakdown T/O Interface Half Select 

Nnlc: This breakdown applies to the P r >0 interface plug A10 or the P550 Interface 
pluc A 12. 
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C. Terminations 

Drawing 609B977 sheets 1 and 2 define the terminations available for the non- 
multiplexed CCI system. 

Connectors J, K, L and M are the Curtis Terminal Blocks, this is the most 
commonly used type, however, these can be Rowan blocks which have the same 
terminal markings or they can be Elco connectors as shown in the drawing. 
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CONTACT CI. OS I' RE OUTPUT SUBSYSTEM 

GKNERAL DESCRIPTION 

The contact closure output CCtf)) sub-system provides computer controlled electri- 
cally isolated relay contacts for the control of equipment and devices located external 
to the computer. A few examples of the manv uses for contact closure outputs are 
listed below: 

1. CCCJ's may be used singly or in groups to communicate with operating 
personnel by means of lights, buzzers, alarm horns, and digital displays. 

2. CC0's may be used to initiate the action of plant or process devices such as 
motors and valve positioners. 

3. CC0's may be used to sequence a number of plant or process devices by 
initiating actions in a particular order and for specific times. 

4. CCd's may be used in combination with stepping motors or resistance net- 
works to provide the computer with an analog output capability. 

Owing to the wide range of possible applications, power for the operation of devices 
from CCGf's must always be supplied externally to the CC0 sub-system. 

The contact closure output sub-system consists of CC$ point relay cards which are 
located on one or more X-panels, along with word and channel drive circuitry which 
resides on printed circuit cards located in a D-panel. CC0 point relays are bistable 
(latching), so both set and reset drive circuitry is required. 

Figure la is a block diagram of a CC(A sub-system containing 224 individual point re- 
lays. One word driver printed circuit card and two channel driver printed circuit 
cards are required to select and energize the proper relays. One power supply 
switch printed circuit card is required for timing. A single CCC< point card contains 
seven relays, so that one full X-panel of CC0 cards will contain 16 x 7 112 CCGf 
point relays. By adding a second X-panel a total of 224 points can be obtained with- 
put additional drive circuitry. 

To expand a system to have between 225 and 448 CCC( point relays, an additional word 
driver must be added, as well as additional X-panels. Refer to Figure lb for the 
block diagram of a 448 point system. 

By adding two channel drivers, up to 896 CCO point relays may be used. Refer to 
figure lc for the block diagram of an 896 point system. 

The greatest number of CC0 points available as a catalog standard is 896, although 
larger numbers can be obtained as a special item. 
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Figure lb 
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n. SPECIFICATIONS 

A. Input Requirements - As with all other sub-systems, the CC0 sub-system inter- 
face with the computer central processor itself is via computer word and channel 
selection circuitry. The only inputs to the CC0 subsystem are from these com- 
puter 1/0 interface circuits. 

B. Contact Specifications - All outputs from the CC0 subsystem are via electrically 
isolated mercury wetted relay contacts. Each relay contact is a bounce free, 
form D, "make -before -break" type having a normally open contact (N0), a 
normally closed contact (NC) and an armature (A). The open contact will close 
before the closed contact opens. The "bridging" time, or time during which both 
contacts are closed, is approximately 0. 1 milliseconds. 

Each individual relay contact in the CC0 sub-system is provided with an R-C 
contact protection circuit. Figure 2 illustrates the range of safe operating loads 
which can be tolerated without additional contact protection external to the CC0 
sub-system. Reliable, long-life operation will result provided that the current 
through the contacts just prior to opening and the peak voltage across the contacts 
as they open both l ie within the shaded area of Figure 2. Switching of inductive 
loads such as small low energy relay coils (10 volt-amperes or less) at supply 
voltages in the 24 to 120 volt D. C. or A. C. RMS range will not generally result in 
transient voltages exceeding that of Figure 2. However, larger inductive loads 
must have additional remote protective circuits for limiting the inductive energy 
to the relay contacts. Diode clamps around all D. C. inductive loads are recom- 
mended as good general practice. 

When using contact outputs to control AC devices, it must be remembered that 
a small amount of leakage current due to the R-C suppressor circuit will be pres- 
ent when the contacts are open. Refer to 2C0 printed circuit module description 
for more details concerning the leakage current. 
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Output rates and timing - Contact closure output relays are grouped into registers 
of fourteen. Outputs occur under program control one register at a time, so that 
the states of all fourteen relays within a given register can be changed simultane- 
ously. Once set, a relay will remain set until another output causes it to be 
cleared. Within a given register, one or more relays may be set, cleared, or re- 
main unchanged when an output occurs. Five milliseconds must elapse between 
outputs of individual registers to allow for relay settling times and program re- 
sponse time. Thus, outputs can occur at a maximum rate of 200 registers per 
second, and since one register contains fourteen relays this is equivalent to 2800 
individual contact output points per second. This specification holds provided no 
attempt is made to change the state of any particular one of the relays more often 
than once every ten milliseconds. 

In actual practice, output rates will vary and will be dependent upon program con- 
trol. 



111. CIRCUIT OPERATION 



A. Functional Description 



Contact closure output relays are combined in groups of fourteen, with each group 
of fourteen being referred to as a contact output "register". Outputs occur one 
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register at a time, so that the state of all fourteen relays within a register can he- 
changed simultaneously. Each register has a word address and a channel address, 
or more precisely a SET channel address and a RESET channel address. Thus, a 
particular register is uniquely defined bv the specification of two numbers, a 
word and a channel address. Any output on a computer channel must be accomp- 
anied by a fourteen bit "data word". Corresponding to each bit of the output 
data is one of the fourteen relays within the CCC) register. Thus a particular 
CCt) relay is uniquely defined by the specification of three numbers, a word and 
a channel and a bit. 

The following example shows the state of a relay register before and after an out- 
put, along with the data word which caused the change. Note that for each bit of 
the data word which is a one, a corresponding relay is set, and for each bit which 
is a zero, a relay is reset. The final state of the CC(£ relay register does not 
depend on its initial state, but depends only on the output data. When both ones 
and zeros are transferred, it is said that the data word is "copied" into the reg- 
ister. The "copy word" transfer is equivalent to a "copy ones" transfer followed 
by a "copy zero's" transfer. 
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DATA WORD 
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101010101 01010 



FINAL STATE 
OF REGISTER 



[S|R|S|R|S|R|S(R|S [ R [ S j R 1 S |R 



In order to copy a data word into a CCGJ register, two outputs are actually re- 
quired. Each CC0 relay has a set coil and a reset coil, a set channel and a re- 
set channel. The data is first output on the set channel, then complemented 
(i.e. replace ones by zeros and zeros by ones) and output on the reset channel. 
For each "one" output on the set channel a relay is set. while for each "one" out- 
put on the reset channel a relay is reset. The two outputs occur under hardware 
lockout and are always done very close together in time (18 microseconds). 

1. Data word is output on set channel. 

2. Data word is complemented. 

3. Complemented data word is output on reset channel. 
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For convenience, the reset channel is always chosen adjacent to and one less than 
the set channel. 

After a four millisecond time delay to allow for delay setting times, an interrupt 
is generated to request another output. Within 5 milliseconds the second register 
will be output by the computer. 

Figure 3 is an illustration of the three dimensional nature of the CCd address 
matrix. All of the relays in a given fourteen bit register have the same word 
address. In addition, the set and reset coils of a relay will always have the same 
word and bit address, but their channel addresses will differ by one. 

Circuit Description 

Refer to 867C560 which is a diagram of the circuitry required to set and reset one 
particular CC<# relay. The address of the relay pictured is word 0, set channel 
15 (reset 14), bit 0. For simplicity only one relay and its associated driver are 
shown, so the following points are listed to place the diagram in its proper per- 
spective: 

1. One relay is shown but there are thirteen other relays in the same register 
which can all change state simultaneously along with the one shown. There 
may also be many other registers. 

2. One set and one reset channel driver circuits are shown, but there are 
thirteen set and thirteen reset channel driver circuits not shown. 

3. Only one word driver circuit is shown, but there are as many word 
drivers required as there are relay registers. 

4. The power supply switch shown is the only one required no matter how 
large the total number of relays. 
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It is '-ecoiTi'T . n.k'il f'ljf >he reader refer to the description of the WTj, CD, Cd, 
and PS printed circuit modules before attempting to understand how they work 
together a6 in 8G7C5G0. 

The word and channel drivers use silicon controlled rectifier (SCR's) to "route" 
current to the particular relay being addressed. An SCR s simply a "switch" 
which is either closed to pass current, or open to block current. Once set, or 
turned on, an SCR will remain closed and pass current until something in series 
with it "opens up" and stops the current flow. Once the flow of current through 
the SCR stops, no more current will flow until it is again set, or turned on. 

To pick a relay, one word SCR and one channel SCR are turned on. Current will 
flow from the positive voltage supply through the word SCR, through the relay 
coil, thro'jt;h the channel SCR and through the powor supply switch to ground. 
Current will continue to flow until the power supply switch "open6 up", at which 
time current flow will cease and cause the SCR's to turn off. 

Suppose that the relay pictured is in a reset stat2, and it is desired to set it. 
The computer will Dutput bit on channel 15 with word selects. 1. This will cause 
the word O SCR and the channel 15 bit O SCR to turn on and conduct current. Cur- 
rent will flow from pin HI through the word O SCR and out pin X34. From XV 
current flows through a cable which connects to the X-panel and through back -of - 
panel wiring to pin H17. Only one relay is shown but a total of 14 relays are con- 
nected to pin H17. The particular relay selected, and whether set or reset coil, 
depends on which channel bit SCR is turned on. In our example the channel 15 bit 
O SCR is turned on, bo current will flow through the set coil, out p'.n L18, and back 
to the D-pancl through the interpanel cable and into pin XJ5. From X35, current 
flows through the SCR and out pin XI. Tracing through the card edge jumper wir- 
ing, current flows into pin X9 of the power supply switch. The power supply 
switch transistor is conducting and completes the path to gr junJ. As long as the 
power supply switch transistor remains ON, current will continue to flow. When 
it opens momentarily, current flow will cease and cause the SCR's to turn off. 

Having discussed the circuitry which causes current to flow through a particular 
relay coil, the circuitry concerned with timing can be discussed. As wjs :;een, 
all relay current flows to ground through a power supply switch whose function is 
to open up the current path at the proper time once the relay coil has been ener- 
gized. The output of the power supply switch, pin X9, is normally at ground 
potential, while the trigger input, pin X±2, is normally at +26 volts. If the 
trigger input pin is grounded, a time delay will e\-pire, and at the end of the time 
delay the po^er supply switch output will momentarily open up. The output re- 
mains open for about 110 microseconds, Just long enough to cause the SCR's to re- 
set. The time delay between the grounding of the input and the opening of the out- 
put is adjustable by means of a potentiometer on the power supply switch printed 
circuit module. Also, when the time delay expires, an interrupt is generated at 
pin X16. 
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The trigger input to the power supply switch is grounded each time an output to a 
CC<& register is done. This initiates the time delay which expires, and then 
interrupts the computer to request that another output be done. Each channel 
driver has a trigger SCR which turns on every time an output is done on that 
channel. The function of this SCR is to ground the trigger input of the power sup- 
p'y switch. In 8G7C560, the trigger SCR -rmnects from pin X!8 of the channel 
driver to pin X12 of the power supply switch. 

Following is a brief summary of the above: 

1. The computer does an output which causes a word SCll and a channel bit SCR 
to turn'on. This al'ows current to flow through a relay coil. 

2. Simultaneously, a trigger SCR is turned on whiah grounds the trigger input of 
the power supp'v switch. 

3. Four milliseconds later, the power supply switch opens up and causes aH SCR's 
to be reset. At the same time, an interrupt is generated to inform the com- 
puter that another output -nav be done. 

C. Adjustment 

There is only one adjustment in the contact closure output sub-sv:\-n. I* is the 
adjustment of the time delay between an output and the occurrence of the CC0 
completion interrupt. The adju stment is made by means of a potentiometer lo- 
cated on the PS power supply switch printed circuit module. 

The adjustment should be made such that the time between the computer output 
and the generation of the completion interrupt equals 4. milliseconds. 

The adjustment can be made using an oscilloscope by observing that the interrupt 
is generated 4.0 milliseconds after the power supply switch trigger is grounded. 

If no oscilloscope is available it is possible to use the computer itself as a tool 
to accomplish the adjustment. This may be done by doing an output, and then 
incrementing a counter within the computer memory, with a stop command in 
the interrupt location. When the computer is started an output will occur and 
then the computer will stop when the interrupt is received. The accumulated 
count will then be proportional to the time delay between the output and the inter- 
rupt. 

The oscilloscope method is generally preferred since it can be done "on-line" 
without disturbing existing programs or temporarily shutting down the system. 
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ANALOG OUTPUT SUBSYSTEM 

I. GENERAL DESCRIPTION 

The A0 Subsystem uses special contact closure outputs to switch resistors in 
a digital potentiometer to convert a digital input to an analog output. Two main 
categories exist: 

1. Cards with 7 relays where the cards can be used in place of a C0 
card. 

2. Cards with more than 7 relays where an X panel with space for 16 
analog outputs (16 words) replace 2 - X panels of C0 cards driven 
by the same word driver with 2 cards per word. 

Figures 1, 2 and 3 show typical A0 and AOVCCO subsystems in block diagram 
form. 

II. SPECIFICATIONS 

A. Input Requirements - As with all other subsystems, the AO" subsystem 
interface with the computer central processor itself is via computer word 
and channel selection circuitry. The only inputs to the A0 subsystem are 
from these computer 1/0 interface circuits. 

B. Contact Specifications - All contacts for analog outputs are mercury- 
wetted, non-bridging (except for reversing) and are bounce free. They 
switch resistors which draw current in the milliampere range and have no 
R-C contact protection, except for reversing. 

C. Output Rates and Timing - 1A02 cards (5-bit reversible) are grouped in 
twos to form registers of fourteen. Each 1A01 or 1A<2(3 (10 or 11 bit) 
cards will serve as a fourteen bit register but will not furnish the 4 or 3 
high order bit relays. 

Outputs occur under program control one register at a time, so that the 
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states of all relays within a given register can be changed simultaneously. 
Once set, a relay will remain set until another output causes it to be 
cleared. Within a given register, one or more relays may be set, cleared, 
or remain unchanged when an output occurs. Five milliseconds must 
elapse between outputs of individual registers to allow for relay setting 
times and program response time. Thus, outputs can occur at a maximum 
rate of 200 registers per second. This specification holds provided no 
attempt is made to change the state of any particular one of the relays 
more often than once every ten milliseconds. 

In actual practice, output rates will vary and will be dependent upon pro- 
gram control. 



HI. CIRCUIT DESCRIPTION 

A. Functional Description 



Analog output relays are combined in groups of up to 1 or 2 cards per 
word, with each group being referred to as an analog output "register". 
Outputs occur one register at a time, so that the state of all fourteen relays 
within a register can be changed simultaneously. Each register has a word 
address and a channel address, or more precisely a SET channel address 
and a RESET channel address. Thus, a particular register is uniquely 
defined by the specification of two numbers, a word and a channel address. 
Any output on a computer channel must be accompanied by a fourteen bit 
"data word". Corresponding to each bit of the output data is one of the 
fourteen relays within the A0 register. Thus a particular AGf relay is 
uniquely defined by the specification of three numbers, a word , a channel, 
and a bit. 

The following example shows the state of a relay register before and after 
an output, along with the data word which caused the change. Note that for 
each bit of the data word which is a one, a corresponding relay is set, and 
for each bit which is a zero, a relay is reset. The final state of the A<2 
relay register does not depend on its initial state, but depends only on the 
output data. When both ones and zeros are transferred, it is said that the 
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In order to copy a data word into a A<# register, two outputs are actually 
required. Each A0 relay has a set coil and a reset coil, a set channel 
and a reset channel. The data is first output on the set channel, then 
complemented (i.e. , replace ones by zeros and zeros by ones) and output 
on the reset channel. For each "one" output on the set channel a relay is 
set, while for each "one" output on the reset channel a relay is reset. 
The two outputs occur under hardware lockout and are always done very 
close together in time (18 microseconds). 

1. Data word is output on set channel. 

2. Data word is complemented. 

3. Complemented data word is output on reset channel. 
BIT 13 12 11 10 9 8 7 6 5 4 3 2 10 
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For convenience, the reset channel is always chosen adjacent to and one 
less than the set channel. 

After a four millisecond time delay to allow for delay setting times, an 
interrupt is generated to request another output. Within 5 milliseconds the 
second register will be output by the computer. 

Figure 4 is an illustration of the three dimensional nature of the A0 
address matrix. All of the relays in a given fourteen bit register have the 
same word address. In addition, the set and reset coils of a relay will 
always have the same word and bit address, but their channel addresses 
will differ by one. 

B. Circuit Operation 

Refer to 867C560 which is a diagram of the circuitry required to set and 
reset one particular CC0 relay, the coil circuits of which are a duplicate 
of the A$ coil circuits. The address of the relay pictured is word 0, set 
channel 15 (reset 14), but 0. For simplicity only one relay and its asso- 
ciated driver are shown, so the following points are listed to place the 
diagram in its proper perspective: 

1. One relay is shown but there are up to thirteen other relays in the same 
register which can ali change state simultaneously along with the one 
shown. There may also be many other registers. 

2. One set and one reset channel driver circuit is shown, but there are 
thirteen set and thirteen reset channel driver circuits not shown. 

3. Only one word driver circuit is shown, but there are as many word 
drivers required as there are relay registers per channel. 

4. The power supply switch shown is the only one required no matter how 
large the total number of relays, including both A<# and CC<2 relays. 

It is recommended that the reader refer to the description of the WD, CD, 
A0 , and PS printed circuit modules before attempting to understand how 
they work together as in 867C560. 
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The word and channel drivers use silicon controlled rectifier (SCR's) to 
"route" current to the particular relay being addressed. An SCR is simply 
a "switch" which is either closed to pass current, or open to block current. 
Once set, or turned on, an SCR will remain closed and pass current until 
something in series with it "opens up" and stops the current flow. Once the 
flow of current through the SCR stops, no more current will flow until it is 
again set, or turned on. 

To pick a relay, one word SCR and one channel SCR are turned on. Current 
will flow from the positive voltage supply through the word SCR, through the 
relay coil, through the channel SCR and through the power supply switch to 
ground. Current will continue to flow until the power supply switch "opens 
up", at which time current flow will cease and cause the SCR's to turn off. 

Suppose that the relay pictured is in a reset state, and it is desired to set 
it. The computer will output bit on channel 15 with word selected. This 
will cause the word SCR and the channel 15 bit SCR to turn on and con- 
duct current. Current will flow from pin HI through the word SCR and 
out pin X34. From X34 current flows through a cable which connects to the 
X-panel and through back-of-panel wiring to pin H17. Only one relay is 
shown but up to 14 relays are connected to pin H17. The particular 

relay selected, and whether set or reset coil, depends on which channel 
bit SCR is turned on. In our example the channel 15 bit SCR is turned 
on, so current will flow through the set coil, out pin L18, and back to the 
D-panel through the interpanel cable and into pin X35. From X35, current 
flows through the SCR and out pin XI. Tracing through the card edge 
jumper wiring, current flows into pin X9 of the power supply switch. The 
power supply switch transistor is conducting and completes the path to 
ground. As long as the power supply switch transistor remains ON, current 
will continue to flow. When it opens momentarily, current flow will cease 
and cause the SCR's to turn off. 

Having discussed the circuitry which causes current to flow through a 
particular roiay coil, the circuitry concerned with timing can be discussed. 
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As was seen, all relay current flows to ground through a power supply 
switch whose function is to open up the current path at the proper time 
once the relay coil has been energized. The output of the power supply 
switch, pin X9, is normally at ground potential, while the trigger input, 
pin X12, is normally at +26 volts. If the trigger input pin is grounded, a 
time delay will expire, and at the end of the time delay the power supply 
switch output will momentarily open up. The output remains open for about 
110 microseconds, just long enough to cause the SCR's to reset. The time 
delay between the grounding of the input and the opening of the output is 
adjustable by means of a potentiometer on the power supply switch printed 
circuit module. Also, when the time delay expires, an interrupt is gener- 
ated at pin XI 6. 

The trigger input to the power supply switch is grounded each time an output 
to a CC(jf or A0 register is done. This initiates the time delay which 
expires, and then interrupts the computer to request that another output be 
done. Each channel driver has a trigger SCR which turns on every time an 
output is done on that channel. The function of this SCR is to ground the 
trigger input of the power supply switch. In 867C560, the trigger SCR 
connects from pin X18 of the channel driver to pin X12 of the power supply 
switch. 

Following is a brief summary of the above: 

1. The computer does an output which causes a word SCR and a channel 
bit SCR to turn on. This allows current to flow through a relay coil. 

2. Simultaneously, a trigger SCR is turned on which grounds the trigger 
input of the power supply switch. 

3. Four milliseconds later, the power supply switch opens up and causes 
all SCR's to be reset. At the same time, an interrupt is generated to 
inform the computer that another output may be done. 

Adjustment 

Timing 

There is only one timing adjustment in the analog output subsystem. It 
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is the adjustment of the time delay between an output and the occurrence 
of the CC0 or a$ completion interrupt. The adjustment is made by means 
of a potentiometer located on the PS power supply switch printed circuit 
module. 

The adjustment should be made such that the time between the computer 
output and the generation of the completion interrupt equals 4.0 milliseconds. 

The adjustment can be made using an oscilloscope by observing that the 
interrupt is generated 4.0 milliseconds after the power supply switch trigger 
is grounded. 

If no oscilloscope is available it is possible to use the computer itself as 
a tool to accomplish the adjustment. This may be done by doing an output, 
and then incrementing a computer within the computer memory, with a 
stop command in the interrupt location. When the computer is started an 
output will occur and then the computer will stop when the interrupt is 
received. The accumulated count will then be proportional to the time 
delay between the output and the interrupt. 

The oscilloscope method is generally preferred since it can be done "on- 
line" without disturbing existing programs or temporarily shutting down 
the system. 

Voltage 

The output supply voltage must be set as described under the card descriptions. 
Also, series dropping resistors and zero suppression resistors may be added 
as described. The remote sensing feature available on some power supplies 
may be used to regulate the voltage at the taper pin busses rather than at the 
power supply terminals. 
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MULTIPLEXED CONTACT CLOSURE 
INPUT SYSTEM 



I. GENERAL DESCRIPTION 

The multiplexed Contact Closure Inputs (MPLX CCI) are used to Interrogate the 
status of process contacts. The multiplexing provides a low cost method of interro- 
gating a large number of plant (or process) contacts. 

Figure #1 is a functional diagram of a multiplexed CCI system that can accommodate 
a maximum of 7*1 rontncts. Each pair of CM relays are wired to two sets of 14 plant 
contacts. One Chamu-l Driver (CD) card can drive 14 pairs of CM relays. The other 
side of the plant contacts are tied together to provide two final sets of 14 data lines. 
Each set of 14 data lines is wired to an individual Contact Buffer (CB) card. 
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II. SPECIFICATIONS 

A. Input Requirements 

Input is via +48 or +125 VDC being presented to the CB card by customer's process 
contacts being closed. 

A minimum of 10 milliseconds settling time is required for multiplexing and filt- 
ering. This 10 milliseconds is required for each group of 28 contacts In any block 
of 392 contact inputs. The maximum scan rate is therefore 2800 CCI/seoond per 
multiplexed CCI panel. Sinoe it is possible to get 2 multiplexed CCI panels, the 
maximum system scan rate is 5600 CCI/ second. 

B. Power Requirements 

The +48 or +125 volts dc can be supplied with the system or may be provided by 
the user. The voltage should be no more than ±10% of nominal value. The cap- 
acity of the supply will be dependent upon the total number of Inputs to be supplied. 

III. CIRCUIT OPERATION 

A. General Instruction Format 

The selection of a particular 14 bit contact input word is organized on a one word 
per bit basis. For each bit in the CCI address word, there is a corresponding 14 
bit CCI data word. 

To bring contact inputs into the computer, a sequence of two instructions is re- 
quired, an output followed by an input. The output instruction which must be 
executed in the direct mode contains in bits 0-7 of the instruction word, the CCI 
channel address. The output data register must contain the CCI address word. 

Caution is required on the output command since selection of more than one out- 
put bit will cause more than one process contact register to present itself to the 
input (CB module^ register. 

As mentioned before, an input instruction is part of the sequence of instructions 
required to sample plant contact input status. The execution of an input instruc- 
tion in the direct mode with the low order bits of the instruction word specifying 
the input channel number will result in input data to the computer of the contact 
input data word addressed by the previous output instruction. 

B. Interrupts 

If more than 392 process contacts are being used, a second multiplexed CCI 
system, wired independent of the first, is used. 
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However, since only the first system will generate input request and output re- 
quest interrupts, the second group of 392 process contacts must be called for 
first, then the first group. 

C. Circuit Description 

Drawing 867C601 is a flow diagram of the multiplexed CCI system. 

If we assume that channel 40 is used to select the CD module, the CD module 
three winding transformer will be pulsed on pins L2 and H3, now if bit 13 was 
selected as the output bit, the SCR, Sl-1 will be triggered thus allowing the CM 
relay, MA--1 to be picked. At the same time, the channel driver trigger circuit 
will be turned on and allows the power supply switch (PSS-1) to start its action 
(see 2PS1 description for details) and to provide an input request interrupt In six 
milliseconds. The six milliseconds is the time delay set in the power supply 
switch circuit (PSS-1) to insure CM relay contact closure/open and CB module 
filter charge /discharge time. 

With MA-1 closed, its contacts will close to a specific group of 14 process con- 
tacts. These process contacts will have either +48 or 125 volts on them depending 
upon the system. 

The isolation diodes on the CM module prevent sneak paths to non-associated in- 
put bits. 

The status of the contacts will determine whether or not this voltage is impressed 
across the CB module filter. 

If the voltage is presented to the CB module and if the input instruction is called 
for (Channel 37 . in our example) the information will be presented to the input data 
lines (here Bit 13: ID13 and IDR13). 

At the same time the information is sent to the input data lines, the CB trigger 
circuit will cause its SCR to be turned on. This will cause PSS-2 to turn on and 
one millisecond later, an output request interrupt will be initiated to the I/O 
interface. 

When the PSS-1 and PSS-2 switches supply the interrupts, this also allows the CD 
trigger SCR and CB trigger SCR to be reset. See 2PS1 card description for de- 
tails. 

D. Panel Configuration 

Drawing 867C944 is a block diagram of the Panel Configuration. 

The maximum number of multiplexed CCI per X (or Q) panel, is 392. As 
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mentioned previously, a second group of 392 CCI is available. This will be 
located on a second X (or Q) panel. 

The X or Q panels will contain the CM modules, with the CB modules, the CD 
module and PS module usually located on a D panel. 

To use 392 CCI, it is necessary to have 14 CM modules, 1-CD module, 2-CB 
modules and 1 power supply switch. For the second group of 392 CCI, a dupli- 
cate complement of modules as used in the first group, except for the Power 
Supply switch. 

As noted previously, only the first group of 392 CCI will cause an interrupt. 
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Terminations 

Drawing 609B976 sheets 1 and 2 define the terminations available for the multi- 
plexed CCI system. 

Connectors J, K, L and M are the Curtis Terminal Blocks, this is the most 
commonly used type, however, these can be Rowan blocks which have the same 
terminal markings or they can be Elco connectors as shown in the drawing. 



12-6 



to 
-J 










4 














1 


















3 




















I 






















2 




















































■N 


CB3 8IT o 


CB3 


1000 

— f»- 

— •- 
— •» 

ro»3 


u 

r H » 






























• I , 






























2 r 






























1 3 . 






























1 * " 






























5 . 






























6 - 






























: ^ 






























1 6 . 






























' 9 






























! o * 






























1 11 • 






























• * r 






























CB3BIT ,3 , 


3 

= So 

a) I- as 


1 

a> H cd 


1 




I 


1 . 


1 .. I . 




3 

I ° 


I . 


t 


fl3 


cc O 

£ (0 




DC 

I o 


. I ' . 






*> 
m 


13 
? c 


CD *- cd| m 


3 O 


CO 


3 






CD 


3 

? o 

t- CD 


1 OJ 


3 

? o 






Ifi 


CD 


=3 






OD 


3 

DC O 

1- a» 








CD 


3 

k- CD 






4 

H ODD 

9 


EVEN 




"1 
O 


ODD 


EVEN 


"* q 


odt: 


E.VEN 


9 


ODD 


EVEN 


O 


ODD 


tVEN 


* t- 

o 


ODD 


EVEN 


a) 

. — l- 

9 


1 
ODD j EVEN 


B*-' CM MODULI: 
„ 48/125 VDC, 






. 












. 






. 


, 






: 




. 


















CDl BIT ■ 


CO 1 


g£0D 

^ — 
^ — 

*W3 


O 

Of ul 

IS 

< u 

► 55 

o 




























f 




























2 


























1 3 


























! 4 




























5 




























! & 




























i 7 


























i 8 




























i s 




























i 10 




























1 II 




























» le 




























CD i Bit i 3 


. , 








1 _ . . 




■ 


■ 












■ 


■ 






' 












r 

k ODD 
o 

g! 


EVEN 




_ t- 
o 


ODD 


EVEN 


■• — o 

in 


ODD 


EVEN 


"" O 


ODD 


EVEN 


"•' — o 


ODD 


EVE.N 


9 




DDD 


EVEN 


i- 

o 


ODD 


EVEN 


^48/lZSSDC *,- 
» — CM MODULE S*| 




s K m 


CD CD 






CO 


3 

. .. 






CD 


3 

— an 


CD 


3 

? ° 

i- £D 






CD 


3 

OC o 


en 


S o 






w* 


2° 

X CD 


m 
m 


=> o 

cr 

X CD 






m 


a O 


CD 


5 o 

2 CD 






CO 


2 o 


CO 


2 o 


CUSTOMER 
/CONTACTS 




■x 


1 


T 








T 


CBZ BIT 13 


CB2 


1013 

— •*• 

— •* 

«M- 

•*- 

rooo 


ul 
O 

ol 
>v * * 

r ui 

H 1- 
O^ 

o 

i- 






























1 11 " 






























] 






























I 10 






























! ' Z 






























1 8 > 






























1 7 






























1 6 






























1 5 






























| 4 






























3 " 






























' ! 7 






























t i 




























C82 BIT 


t 

< 

t 


9 cy, 


J 


«- OJ 








BO NOT KM* *■» 

■hub «u. auop nca mi 
wii nu. mn 


Westinghouse Electric Corporation /§\ 

Tm_* PRODAL SERIES ^-^ 


I 

h 

oo 5 


omu 


i m 


, OB," 


pm ■!■!»■■ m mm— OCAI-C I 


^»TO« Mi 
MJK MM 


: «4 


I *■) 


■**• R-B JAtKSON 


*«47 


■#*• uJ^i'.' 


»/<t 




&i7c:q$:4. 


!$& 




f - 


01 


2 M 


— £«W, 


'/yt; 


_ 








M 












MX 








«^« 






• • t 










:> 


TOUIUCI MUM 

oTHiMrm incva 


COMPUITN SYSTEMS DIVISION i i iim nil, •».. w«a. 








4 














1 


















i 




















1 






















2 




















1 
















1 









INS 

CD 



»CM 



r 



i 



t— t — T— T — '^- | - 

if jr 3> <r u :r 



— T — T — T — " 
■ jr 3t :r <r 

» - 3 2 

' Ni^ ~<i< Ni£ id 



+ + ,BITS(tVIM 



CURREMT 
LIMITIN» Hit 



m »* »< X »< K 






k[1 1 ? 1 if j T{ sTfa 1 7 | a 1 q |ib| n |it|i3 li ^Ti--. n>| * 



T 

it ro r«>e* 

outs 



1. 
o 



* — f- — *- 



3 a 



■* — t- 



M 3t 3! 3: 3t 3T * 3 J 3 1 3t 3! U 3! 1 1 K O t>0 wouM 



•»!» 






tlCO CONM PIU 

tUKNMIIIT 



j Hi ? 1 3 | * T 'j f t [ > I » 1 ■> 1 'o 1 'I 1 la 1 '9 1 iM .rpjTi a 

J«-Tv»cy»Toi«rn 
I- covwttcnoM 

■— «- ■- r i «- ■ ' ■'■'ill T"^-T wwih* ay 




PARALLEL WIRES SOIN& TO MCXT 
MULTIPLEXED CCt TERMIMAL BLOCKS 



MOTfS: (TWO CABLING OmOUS) 

I. CARD ED&t To TERMINAL BLOCK ONL/ 

2 CARD EDGE TO 5fc PIN ELCO COMNEtTOR OHLV 



FARBLIEL WIRES C0MIM6 FROM Pf>EV|0US 
MULTIPLEXED CC1 Tt-RMUUAL BLOCKS 






rf d 6 



HT 



.i 







DO HOT KM1 CMQ 



icauL 



WISffNOHOUM lUCIWC COftFOtAltON 

r PR ODAC SyiSO SC RltS CCWO 



j m**m» ptti — sm^«u-» 



^Sffc; 



^r; 



xrs 1 



sua 77 J 



1»«.«T i or* 



nnn (vstim* division 



I 



AOt >.>■.'■ '."Ak, 

x panel 

LOCATION ) 



CONN 
PAMSL 
LOCATION r 



' ftbl ^ HO M^di. 
IftRD E-DGE -♦ SuE J 







'fl 


o» 


IT 


V «IW 


OF WkMtl 
















"■: 


-. 




*■ 




■ 






■ 


' 


- 






J 


1 *" 






•"; 


% «. 


* 


i 


:„ 




















I".' 






t( 


u 




'j 








," 








.' 














w 


t 


» 


i 


• 


» 










j 




► 


Ul 


u> 


j> 


Lu 


u> 


U' 


u- 


Uj 


•■, 


,., 






~, 


,_] 










































1 ^ 






! 


■n 


























1 






b- 


... 


























r * 






Itf 


m 


























P 


.* 


• 


u 


u 


w 


u 




Li 


;r 


/< 


u 


*; 




L 


L' 


** 



.'H MP1 CC I h H I IA ( ART 

•ii? Mr x ccl Pre > i.mii 
MS04 

LAKD I (It. I - LI'B'I', 



LOCf»T iONj ATM 
»N ARE FtStRvrD 
ro«? CONU ' ,t.l) 
PAuELS 



J I I "_ 



tiahmmm 
(J) 


temmiml 

20MM|t 

(B) 


BMC3H 

(M) 


TTCMMM. 
BDNfrU 

(C) 




FDOMT or cab. 



Rf Aft or CAS 



|P»trtW»CD P*M£L-TtRI* HMI4M 



CABLf DOCT-" '-{SMILL 

REAR <HW or TtWM M^EA 



[TYPICAL SLOT TUm AIIMMIOMIgHT 



! I ! 

caw cost ( 33 pm tico) cowmciow IDCMT. 

GENERAL TVWCAL: 

[i)(n)U)(n)<XKW)'n) EI2T94 -3C4I -OS 

1 It*" ».f-f CMMMIL 8uF*t*?M0 

^ "-OWDTyPt 

sEt "-location or qtmm imo or caili 

L-CABtC MS » TyPl 
I-FaMIL LOCATION 



URMIMAL *■> SMCLL tfDtHT 

GEN£«» -»PIC.*L 

' nl-(£):jK(MWl ,!i * EfJKIZlCMT 



; >—CAI»D SLOT MO 

L PANEL LOCATION 
L ZONE I TEHAV MO 
CAB. MO 



5fc PlM tLOO COWM IDCMT 
GENERAL TYPICAL 

( I iCn)tUB(n) ElSf I IJ 

f * LOCATION Or OTMEP ENO OF CABLI 
L CABLE ASS y TYPE 
COMM NO 
CONN PANEL LOCATION 



*I<T.)I 

I 1 ' 

L-CO« 



^h* n 9 « u a n 
AHl i« •» » II » » • 


c BiTS 11,13 ;Ori 
7 t 1 4 1 t » 


T fc 9 4 1 I I 



8fTSO,l 

SLOT 



CHANNELS. I) 



CHANNEL (T>) 



MLMCL BUILD-UP OMOC1 



e 

*6 



WBT1NONOUM EUCTttC COVOtATION 

T m. »«OOAC W»«9 SCWiES (CM) 



CCI MULTlPLDLEfl ST Q TERA«)MAT10N SCWt* - CURTIS -T B 



&QS.B3JJ»„ 



SH«rr ton 



AI01 - ANALOG INPUT SUBSYSTEM 



GENERAL DESCRIPTION 

The Analog Input subsystem provides for selection and 
sampling of analog signals and for conversion of the 
analog signals to digital form in order to be entered 
into the central processor. 

The selection of an analog input is accomplished by a 
relay type multiplexer which connects the selected in- 
put to the analog-to-digital conversion circuits. The 
system is fail-safe against multiple analog point se- 
lection to any one analog-to-digital conversion circuit 
through the use of the analog trap and detection cir- 
cuitry. 

The analog signal is first converted into a frequency 
proportional to its instantaneous value by a voltage to - 
frequency (V/F) converter. The output of the V/F con- 
verter is then counted for a period equal to one cycle 
of the power line frequency. By this method the noise 
components related to the power line frequency (which 
is the predominant noise) are integrated to zero and. 
thus, eliminated. The type of modules used in the 
Analog Input subsystem, and their interconnection, 
are shown on drawing 867C567 (Fig. 7). 

The modules are mounted in the Analog Input Driver 
Panel ("A" panel) with the exception of the input multi- 
plexer modules (AP) which are mounted in multiplexer 
panels ("X" panels). 

The system shown on 867C5G7 is the maximum svstem 
which can be provided with one "A" panel. 

In actual application the size of the svstem is deter- 
mined by the number of analog points and by the num- 
ber of v/F converters used. 

SYSTEM SPECIFICATIONS 

Maximum Sampling Rate 

• 30 points/sec/V/ F converters used (in 60 cycle 
environment). 

• 25 points/sec/V/ F converters used (in 50 cycle 
environment). 

Hi put Signal Range 

• 0-50 mV full scale (with -100'/? to * 2001 over- 
range). 

• 0-5V full scale (with -100',' to • 120'? overrange). 



Input Impedance 

• 5 Megohms on 50 mV range. 

• 1000 Megohms/volt on 5V r^nge. 
System Accuracy 

• 0. 1% of full scale on both ranges. 
Max. No. of V/F Converters 

• 4 (per "A" panel). 
Modularity 

• 14 inputs per AP module. 

• 224 inputs per "X" panel. 
Max. No. of Inputs 

• Not limited (determined by the number of word 
and channel drivers used). 

Multiple Selection Protection 

• An analog trap circuit prevents the selection of 
more than one analog input at a time, per v/F 
converter. 

PRINTED CIRCUIT CARD REFERENCE 

3AC4 Analog Control Card 

4AP1/4AP2 Analog Point Selection Card 

2AT3/2AT1/1SR1 Word & Channel Trap 

4CD1 Channel Driver Card 

5CL1 Calibrator Card 

4CT1 Counter Module 

1PL4/1PL5 Phase Ixicked Oscillator Card 

3SB1 Span & Gain Card with Digital 

Input Buffer 

1WD4 Word Driver Card 

CIRCUIT OPERATION 

General 

The selection of analog inputs, the selection of gain 
and span connection, and the starting of the anaiog-to- 
digital conversion cycle is under program control. 

The analog input address is formed by a word, channel 
and bit. Note that only one bit should be set for each 
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analog address. If more than one bit is set, this will 
cause more than one analog input connected to the V/F 
converter to be selected, which results in erroneous 
reading. Also note that if more than one input is se- 
lected (2, 3 or 4 V/F converters are used) the ad- 
dresses should have the same channel and bit numbers. 

The words normally used for the analog input selection 
are words 40 to 77. The channels normally used for the 
input selection are channels 17, 37 and 57 (channel 77 
is also available if less than four V/F converters are 
used). 

The analog addresses are assigned to the V/F conver- 
ters as shown in Table 1. 

For inputting the digitized analog value to the central 
processor, channels 16, 36, 56 and 76 are used (cor- 
responding to V/F conv. #1, *:'., #3 and #4). 

The Analog-to-Digital Converter (ADC) bit pattern is 
as shown below. 



A deviation of more than 0.05% can be corrected. 

Bit 7 is used to reset the Span drivers, Bits 0-6 are 
used to select the required span. The span values cor- 
responding to each bit are shown below: 



Bit 
Bit 1 
Bit 2 
Bit 3 



0.05% 
0.1% 
0.2% 
0.4% 



Bit 4 
Bit 5 
Bit 6 
Bit 7 



0.8% 
1.6% 
3.2% 
Reset 



Since the V/F converter is offset 3. 2% in the negative 
direction, any span bits set are added to this value. 
For example: 

Data Word= 01000000 is a span of 3. 2% + 
(-3.2%) or 0% overall. 

Data Word=00011010=span of 1.3% + 
(-3.2%) or -1.9% overall. 

This gives a total range of -3. 2% to + 3. 15%. 



Analog Voltage % of F ull Scale Input D ata (octal) 



-100 


30000 


-0 


37777 


•-0 


00000 


> 100 


07777 


+ 200 


17777 



The same channels 16. 36, 56 and 76 in output mode 
are used to set the span and gain to the V/F converters. 

To compensate for absolute deviation of line frequency 
from 60 Hz, the system has the capability of adjusting 
"span" (frequency to voltage ratio). If, for example, 
the line frequency were to drop, the counter would be 
enabled for a longer period of time and the count would 
be too high. In this case the span must be decreased 
in order to correct the count. The span adjustment in 
effect decreases the slope of the V/F ratio line as 
shown in Figure 1. To check for frequency shift, a 
reference voltage from a calibrator card (CL) is read 
■jnder program control and the deviation is calculated. 



Bits 12 and 13 are used to select the gain, in the manner 
shown below: 



Bit 13 



Bit 12 



Relay 



Range 









No 


No 






Change 


Change 





1 


Ener- 








gized 


0-5 V 


1 





De-ener- 








gized 


0-50 mV 


1 


1 


Not Used 



Note that both the span and gain can be output in the 
same data word. 

The output of Bit 8 on Channel 16 is used to generate 
the READ TRIGGER signal which starts off the analog- 
to-digital conversion cycle. The analog-to-digital con- 
version cycle is automatic, controlled by the analog 
control (AC) module. 







TABLE 1. 


ANALOG ADDRESSES FOR V/F CONVERTERS 






Analog Words 


One V/F Conv 


Two V/F Conv. 


Three V/F Conv. 


Four V/F Conv. 




77-74 


1 


1 


1 


1 




73-70 


1 


2 


2 


2 




67-64 


1 


1 


3 


3 




63-60 


1 


2 


1 


4 




57-54 


1 


1 


2 


1 




53-50 


1 


2 


3 


2 




47-44 


1 


1 


1 


3 




43-40 


1 


2 


2 


4 1 
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Upon completion of the conversion cycle, an interrupt 
signal is generated (which is recognized bv the pro- 
gram) to indicate that the information is roadv and a 
new cycle can be started. The instruction sequence 
should be as follows: 

1. Read analog input value of previous output 
(Input on Ch. 16, 36, 56, 76). 

2. Output new analog input address and bit num- 
ber (Output on Ch. 17 or 37 or 57, Output word(s) ). 

NOTE 

If more than one output is selected (2, .'!. 
or 4 V/F converters used), the addresses 
should have the same channel and bit num- 
bers. 

3. Output span resit only if resetting span (out- 
put Ch. 16. Bit 7). 

I. Output span and gain if required (Output ,m 
Ch. 16 36, 56. 76). 

5. Output read trigger (fnjtput Ch. 16 Ha \i. 

6. Wait for interrupt. 

7. Repeat steps 1 to 6. 

Converting the Octal Printout to Decimal 

Table 2 allows the user to convert octal pmu.-ui:, a 
the analog subsystem to decimal values. Conversely 
a known decimal value can be converted to octal for 
comparison with the printout. The arrow ( J ) in the 
table indicates the decimal point position. 

For example, take octal printout: 



7600 


4.3750 


600 - 


0. 16M7 


30 - 


0.0293 


2 _ 


0.0024 




4.8754 Volts 



7000 = 


- 43. 750 


600 = 


4. 687 


30 


0.293 


■> 


. 024 




48. 754 Milli 




volts 



7632 

5 volt range 



or octal printout: 

7632 
50 mV 
range 



CIRCUIT DESCRIPTION 

The flow diagrair of the Analog Input subsystem for oik; 
analog input point is shown on drawing S67C568 (Fig. 8). 
Using word 77. channel 17 bit for analog point address 
and channel 16 for input and for span-gain control, the 
operation of iI.l- circuit is explained as follows. 

When word 77 us selected, the t |is pulse of 7000 and 
0700 will trigger the word driver SCR. This will apply 

10 V to the common leg of the rclav coils on the AP 
card. 

When bit |OI)ii|ij is a 'one" and channel 17 is selected, 
(001 ft and 0007). both SCR's shown on the CD card will 
lie turned on which will energize the point relax (1) 



(C) 



tP card. The 



la\ contact then picks up the bus relay (B). 

The analog point is now connected to the V/F converter 
via the analog bus. 

The Y/ I ounic.'tcr generates an output pulse with a 
frequency proportional to the analog voltage signal, as 
shown in Figure 1 . 



TABLE 2. OCTAL TO DECIMAL CONVERSION TABLE 



OCTAL 


VOL 


TAGE 


OCTAL 


Y( 


u. 


TAGE 


OCTAL 


VOLTAGE 


OCTAL 


VOLTAGE 




5 \ 




50 mV 




5 \ 




50 mV 




5 \ 


50 mV 




5 v 


50 mV 


10000 


5i 





A 000 




ni 








„. 


» 6*4 




,,i 


0» 085 


7000 


1 


3 


750 


700 


.) 


♦ 169 


70 


7 


6000 


3 


7 


500 


600 





1 


6*7 


6o 





5^0 


6 


(1 


073 


5000 


3 


1 


250 


500 





3 


906 


50 





488 


5 





061 


4000 


■1 


5 


000 


400 


ii 


;; 


125 


10 


(1 


391 


1 





01 9 


3000 


1 


S 


7 50 


300 





2 


344 


30 


(1 


29.", 


,; 





037 


2000 


1 


2 


500 


200 





1 


562 


20 





195 


o 





024 


1000 





6 


250 


100 








781 


10 





098 


1 





012 
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NOTE 

The values used in Figure 1 are for 60 Hz 
operation. At 50 Hz operation the following 
values apply: 

204.8 kHz Zero = 4096 pulses per 

cycle 
40!). f, kHz - Fullscale 
611. 1 kHz Twice fullscale 



NOTE: 245.76kHz 
^4096 PULSES 
PER CYCLE 






737.28 kHz 
TWICE 








FULLSCALE 






X 








v" 

z 

UJ 

o 

Id 
OC 


49152 kHz _Xi 
FULLSCALE,/^ ] 

/ 1 

V 1 

\245.76kHz 1 
- ZERO | 

1 
1 

1 


1 


-100 


+100 


1 
+200 



FIGURE I. ANALOG SIGNAL PERCENT OF FULL SCALE 

The setting of the span and the gain of the V/F conver- 
ter is accomplished through the SB module. If bit 7 
(OI)OT) is a "one" and channel 16 (0010 , 0006) is inter- 
rogated, the power supply switch on the CL module is 
triggered, w hieh u ill turn off the span driver SCR' s 
on the SB module. The status of bits 0-6 (OD00 through 
01)06) upon interrogating channel 16 will determine 
which span driver SCR's will be turned on. The SCR's 
which conduct will then energize the span relays in the 
V/F converter. 

The status ot bits 12 and 13 (OD12 and OD13), upon 
interrogating channel 16. will provide signals to turn 
on or off the gain flip-flop on the SB module. If the 
flip-flop is turned "on", the output of the flip-flop is 
"0" (PSC) which provides a current path for the gain 
rel.u coil in the V/F converter. 

Outputting bit M (ODOH) on channel 16 (SB card) wih 
provide a 4 ^s pulse (READ TRIGGER signal) to the 
ana log control module (AC), which initiates the analog 
inpul sequence. 

The timing signal for the analog control circuit (AC 
module) is obtained from the phase lock oscillator 
module (PL.) in the form of a 120 pps square wave, 
which is phase locked with the 60 Hz power line fre- 
c)uene\ . Note that a 50 Hz oscillator module is also 
available (refer to PL card document). 

Immediately following the READ TRIGGER pulse (see 



timing sequence of AC module), the analog control 
circuit generates a RESET signal to the counter (CT 
module), and times out a delay to permit settling time 
for both the point, guard, and bus relays of the analog 
point (AP) module and the V/F converter. Then it opens 
the gate for the V/F signal enabling the COUNT pulses 
to the CT module. The gate is kept open for two cvclcs 
of the 120 pps signal, which is equal to one cycle of the 
power line frequency. 

Upon closing the gate, the analog control circuit gener- 
ates a trigger signal to the power supply switch on the 
AC module. The power supply switch then opens to turn 
off the analog point selection word and channel driver 
SCR's. 

The power supply switch delays closing to permit the 
analog point selection relays to dropout. Then, the 
power supplv switch generates an interrupt signal in- 
forming the central processor that the analog value 
(output of the counter CT module) is ready to be read. 

To input the contents of the counter, the digital input 
buffer circuit on the SB module is used. 

Interrogating channel 16, the signals on the input data 
lines (IDOO through ID13) will be dependent on the out- 
put of the counter (1CTB00 through 1CTB13). The in- 
terrogating 4 jxs pulse is transmitted to an input data 
line only if the corresponding counter output line is a 
"one". 

Reference voltages from the CL module can be connected 
as analog inputs for drift correction purposes. 

The CL module also accommodates four RTD bridge 
circuits (only one shown on drawing 867C568) which can 
be used for measuring the cold junction box temperatures. 
The outputs of the bridges have to be connected as analog 
inputs. 

Analog Signal Conditioners 

To obtain the analog signals in the required range of 
the analog-to-digital converter range (0-50mV orO-5V), 
or to eliminate other than line frequency component 
noise, the following signal conditioners are used in the 
analog input systems. 

RTD Bridges (Using 15 volt power supply for RTD' s) 



RTD Resistance Span 

2-7 ohms 

2-12 ohms 

2-22 ohms 

7-12 ohms 

12-17 ohms 

12-22 ohms 

12-32 ohms 

17-22 ohms 



par; Part No. 

610B249 GO 5 
610B249 G03 
610B249 G01 
610B249 G06 
610B249 G07 
610B249 G04 
610B249 G02 
610B249 G08 
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RTD Bridges cont'd. 

RTD Resistance Span 

20-70 ohms 

20- 120 ohm6 

20-220 ohms 

70- 120 ohms 

120-170 ohms 

120-220 ohms 

120-320 ohms 

170-220 ohms 



tgi Part No. 

682B420 G05 
682B420 G03 
682B420 G01 
682B420 G06 
682B420 G07 
682B420 G04 
682B420 G02 
682B420 GO 1 * 



bRTD 




TO 
+ RED6 A [^ L ° T 6 *-BLACK 



*(+) 



1 5VOLT 
PS. 



} 



FIGURE 2. RTD BRIDGE SCHEMATIC 

Current to Voltage Converter (For 15 volts fullscale 
for the following current ranges:) 

Current Range Dropping Resistor 'gJPart N o. 



1-5 

2-10 

4-20 

10-50 

200-1000 



ma 
ma 
ma 
ma 
ma 



0. 227-1. 135 ma 
0. 333-1.665 ma 



1000 ohms 

500 ohms 

250 ohms 

100 ohms 

5 ohms 

4400 ohms 

3000 ohms 



610B246 GP3 
610B246 G94 
6I0B246 Gf 1 
610B246 G02 
610B240 GO 5 
610B246 GOfi 
610B246 G07 



f 



* 



CURRENT | 
IN | 



I VOLTAGE 
| TO ANALOG 
| INPUT 
I 



k 



3 



FIGURE 3. CURRENT-TO-VOLTAGE CONVERTER SCHEMATIC 

V oltage Dividers - To reduce voltages greater than 5V to 
the 5V range in the following ratios: 2:1 ( (£) 682B683G01), 
1:1 (^ ■ 0S2B683G02), 8: 1 ( (£i G82B683G03), 16:1 ( (£,■ 
682B683G04). 
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FIGURE 4. VOLTAGE DIVIDER SCHEMATIC 



Low Voltage Filler (Time constant = 1 . 32 s for 0-100 
MV signal, ^ No. 682B685G01.) 



FILTERED 

S'SNAL. * ^ JKSV 

I INPUT 



FIGURE 5. LOW VOLTAGE FILTER SCHEMATIC 

High Vo ltage Fi lter (Time constant - 1.35 s for 0-6 V 
signal ^ No. 682B686G01.) 
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FIGURE 6 HIGH VOLTAGE FILTER SCHEMATIC 

Each signal conditioner ;s an individual^ encapsulated 
block and mounted on the analog input half-shells 
adjacent to the terminal strips. Faeh analog input 
requiring special conditioning is equipped with the 
appropriate block. 

ANALOG SUBSYSTEM LOGIC PRINTS 

The following prints are included at the end of this docu- 
ment to show the logic connections of the cards used in 
lhe A-Panel. The number in the upper right hand corner 
designates the location of that card in the A-Panel. Also 
included are the Analog Trap cards which can be located 
in any panel. 

These prints arc shown for a maximum (1 converters) 
system. Less cards may be used for smaller svstems. 



Figure No. Dra wing No. 



17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 



K67C291 
*f,7C292 
H67C293 
X67C294 
K67C295 
867C296 
S67C297 
H67C298 
8G7C299 
867C300 
867C301 
H67C302 
8G7C303 
867C304 
867C305 
867C306 
M67C994 
fc67C995 



Li >gic Descript io n 

Phase Lock Oscillator 

Analog Control Card 

Calibrator Card 

#1 Span & Gain w/ Buffer 

f 1 Counter Card 

#2 Span & Gain w/ Buffer 

#2 Counter Card 

#3 Span & Gain w/ Buffer 

#3 Counter Card 

#4 Span & Gain w/ Buffer 

t>4 Counter Card 

Channel Driver (17) 

Channel Driver (37) 

Channel Driver (57) 

Word Driver (40-57) 

Word Driver (60-f,7) 

Analog Trap 

Summing Resistors. 
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CONNECTORS AND TERMINATIONS 
A-Panal Connactors 

Drawing 774A717 sheets 1 and 2 show the connector 
breakdown on plugs A21-23 and A22-24 (Fig. 9 and 10). 

X-Panel Conntetor Breakdown - AP Option 

Plugs 21 and 23 are wired in parallel as below. 



Plug 25 is wired as below- 
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•Could be slot A12. 13 or 14 
depending upon channel to be U6ed. 



Plugs 22 and 2-1 are wired in parallel as below: 
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Drawing 60939"!! sheets 1 and 2 show the analog inpu! 
standard termination scheme used on TJC (Thermal 
Junction Box-Cold) (Fig. 11a - h). 

Drawing 682B689 sheets 1 to 3 show the analog inpu ( 
standard termination scheme used when there is no 
T,JC (Fig. 12a - c). 

The following drawings show the recommended analog, 
input termination schemes for each type of analog inpu 



Figure N< 

13 
14 
15 
16 



Drawing No. 

682B6M4 
682B687 
682B688 
682B690 



Type of Inpu t 

The nrnci >ii|j|.- 
RTD 

Voltage Sensor- 
Current Sensor 



The WTJ card is in the A-panel slot 
A16 for words 60 to 77 and in 
slot A15 for words 40 to 57. 
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FIGURE 7. A'l SUBSYSTEM BLOCK DIAGRAM (REF. DWG. 867C567, SUB 3) 
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FIGURE 8. A / SUBSYSTEM FLOW DMG£AM (REF. DWG. 867C568, SUB J) 
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FIGURE 10. A-PANEL C0HNECT0R BREAKDOWN ■ A22-24 (REF. DWG. 774A7/7, SHEET 2) 
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FIGURE Mo. TERMINATION SCHEME ■ THERMAL JUNCTION 80X-C0LD IHEF. DWG 609S979, SHEET 1. SUB 4) 
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FIGURE lib. TERMINATION SCHEME ■ THERMAL JUNCTION BOX-COLD (REF. DWG. 609B979, SHEET 2. SUB 4) 
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FIGURE 12a. STANDARD TERMINATION SCHEME WITHOUT TJC (REF. DWG. 6826689, SHEET 1) 
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FIGURE 12b. STANDARD TERMINATION SCHEME WITHOUT TJC (REF. DWG. 682S689, SHEET 2) 
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FIGURE 12c. STANDARD TERMINATION SCHEME WITHOUT TJC (REF. DWG. 6S2B689, SHEET 3) 
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FIGURE 1 3i>. THERMOCOUPLE INPUT CONNECTIONS (REF. DWG. 682B684, SHEET 2) 
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FIGURE 13c. THERMOCOUPLE /NPl/T CONNECTIONS (REF. DWG. 682B684, SHEET 3) 
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FIGURE Ud. THERMOCOUPLE INPUT CONNECTIONS (REF. DWG. 682B684, SHEET 4) 
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FIGURE 13*. THERMOCOUPLE INPUT CONNECTIONS (REF. DWG. 682B6B4, SHEET S) 
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FIGURE 14a. RTD INPUT CONNECTIONS (REF. DWG. 682B687, SHEET I) 
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FIGURE 14b. RTD INPUT CONNECTIONS (REF. DWG. 682B687, SHEET 2) 
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INDIWDUALLY SHIELDED FHiP LEADS. 
SHEET4.UHGRWNDED m PlANT 

MULTIPLE PAIR SHIELDED LEADS 



N OTE B\ - PTD SPIDYjE IS MOUAYTED 
■VY lA^F SHELL WD iYY/PED TO 
^EPMWAL SCPfnS IN FACTORY. 



PRECAUTYCYVS:] APPLY QAILY 70 A 

OfiOUP OF yaypvts(y4)assigneo TO 
A S/NGLE AP CARD/HALF SMEU. 
AND A COMMON Y?TD fOHIB? SUPPLY. 



LOO AJOT At IX GROUNDED AYVD 

UNGPOUHDED SEA/SOPS. 
2 DO YVOT MULTYPLE GROUND ANY 

SP/ELD DRAIN OP SEAJSOR LEAD 

WIRE. 

3-W AYjr 6AVY/YVD C4Y5LF 
DRMHS SAY FYAAYF 

1C0AYAYECT fjcd CAB^E s>AA/YJ 
W'PE TO ITS PTD 

S CONNECT ONLV OAYE CA&LE 
E>R&t V iV/RE 70 7HE GUAKO 
S.*>£-D (FEfiMiNY^S >YY $ X'2) 



m. ,_a 



tt n n n n tr 

I— I — &U4HD SH/e/o 



Mn-ftirn 

\k % i\ n% ^ %\ \% 
H f r tr tt rt ?f 






KXKrjlr-j--. 



X 




5io "If.' 

, ELCO 



-\ ^AMAIL r.L 
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P^vvjxy 



FIGURE 14c. RTD INPUT CONNECTIONS (REF. DWG. 682B687, SHEET 3) 



AVD OtySROCAtaED /A> /ZAMT, M(/ir/Pl£ />*//? SH/H.0ED If APS 



/N OPDER OF PREFERENCE. 



SHEET /. GROUNDED /A/ PLANT, 

IND/V/DUALLY SHIELDED PA/P LEAK 
SHEET g GROUNDED IN PLANT, 

MULTIPLE ?*IP SHIELDED LEADS. 
SHEET 3. UN&POUNDED 'N PLANT, 

INDMDUALLY CH/ELDED BVf? LEADS. 
SHEET* UNGROUNDED IN PLANT 

MULTIPLE PVP SMELDED LEADS. 



RTD aRIDOE G MOOV7ED 



CO 

I 
to 



ffiCAOVCXI 



HULFSHELL^ 
7ERM4NAL 

scpew 

NUUS&& 

ANALOG 
FOUNT 
CARD FHV 
NUMBERS 




VOTE A SHEETS OF T#tS DRAINING ARE 



PRECAUTIONS :\ APPLY ONLY TO A 
GROUP OF >NWTS(/4) ASSIGNED TV 
A SINGLE Af> CAPLVmAIP SMELL 
AND A COMMON PTD PJHEP SUPPLY. 



I. DO NOT All* GROUNDED AND 

UNGROUNDED SENSORS. 
Z 00 NOT MULT/PLE GROUND ANY 
SHIELD DRAIN OR SENSOR LEAD 

WIPE. 

3-00 MOT GROUND CABLE DMAS 

IN PLAN r 
J&Wier EACtf CABiE 0RA*N 

w/ae ro /rs #n>. 

tf.CMMcr 0N*/ *N£ CA&LF 
OfiAlN *//Af TO TTtE GfANO 
9tt/&DCTEA?A1/NMS A?/fA&) 

6. JO/AM Kl TO {X. 



tl 



Tt tt tt tt tt tt tt 

»- &UARO SNiSLO 









a- N 



M PJ* >o* ^ ^^ ^ ^ 

aj» |5 SS ?5 5^ 5? 

A A A A /K A A A A A A A 



Vt s;^ 55*, 

A A A A A A 
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v>>v!aXa!a>>1aXa>Ov/v/ 



opt/on 



Y~ ---[ FMRALC EL 
|3?fa PIN ■ 



FIGURE 14d. RTD INPUT CONNECTIONS (REF. DWG. 682B687, SHEET 4) 



CO 

I 

to 



VOLTAGE SEAESO& SPOO'AJDEO Ar SE/V50R 

AAJF>/k'/E>L/4LLY ■SLt/E.DFD PA/H 154D5 



ju104/ JO.VCT/Jk 
LiOX(/A OSEEj 



PAlf WELL 

PEHfLMi 

-xjA'EtV 

PLME3LEP5 

ANALOG 
RDWT 




3££ AXECAt'WM lYo 3 



... A A A \ h\ A A \ \ A \ 



mm ™\\ n n n tt n n rt 



SEF PXfCACr, AV Ah J~ 



jLVAl '. *.Ci r '0.'iE \ , 

SEE W r £ a s 
*£*£# r L,E.E r pl 



A ' A * T^ T r X " r ■ * 



t 

I 

Si 

■J 

4 



Oi 



NOTE LI -SaEETE E>r TAP D&AHW6 *EE 
f/j OPDFP y^ PVEfEIEACF, 



t 



5»E£ T / lA^ULVDEP AT S/EPEJL; , 

XDLv-'DEAUi P-r/ElDEE PA/P LEADS 
■ ~HEE72 3P0ULJDEJ XEA 1 --.EXSJF 

AAD/OP Mt/L-r/Pi/- PAF T-hlFJXD 

LEADS . 
SPFETS.LiVGttOUA/DEi. ■". P LAPT, 

■xei'v'lxa^l) welded 'a/*' lmds, 
saeet ■<? ialgeouvoed .>/, plaslt^ 
M UlJ/PlE PAL/? DP/FlD£D LEADS. 
WE 6 \ SS/j'ic ECA.DT'CSvE*S **£ 
~* 'V'DED - S/cHAl fMZHSEV -JP 
£< FEDS A//) SKS^-fr! FANGE . 
>>j,.\Al. E'>DT/J\E£ CMomTD 
",'„ -A. ■ „h£LL AM tt/ATED £' 



V If ft i ' 

t! V) "J '•:, 

I- 



\ \ 



i r H 



U I 



i, ". 



IN & 



tf tf tf t^ ^ '! tl 



PPEJijnOtiS^ AfPL Y (ML Y TD A 
MOUP OF //VPt/ES~f4)A5SL>J,V££> 7D 
A SAuDP AP CAM)/ PALE HELL . 



*k 



I. DO /\OT A4LX DEVOID ED AtWD 

(W3E0U/'Q££ SPA/SMS . 
2 DO A/OT MDL-TLPlE OPOUAL/> AA/Y 
S PL ELD DPA/Lv OP SEA/EOL? LEAD 
WPE- , 

3 ALP £VAA/r <?A?OUA/D5 OF EPLS 
GRoupi <+ ) /V/psr 3E W/EplAL 
3 V.f?MS/DC Op r/jED £0 A 
SM&lf OmvrtD PD.'A/r 

4C0N.VECT £ACE CASLE ORAM 
W/C1E TO LPS SES'SOH GCOONO 

5 CONNECT OAL.Y o*E C43L.E 
E>E<A;V W/Fi£ /o r/t>£ &-L-4RD 

9-> E^D ■ r EPKV,\'AL3 X/ <f <2) 



\% 



, 5"6 PLA' 

, EnY> 



A,' 



^1^ 
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£EJ 



• /■%#*< L EL -JV-Ty.Vy 



FIGURE l5o. VOLTAGE SENSOR INPUT CONNECTIONS (REF. DWG. 682B688, SHEET 



VOLTAGE S^NSOP GHXM£& NEAH SEAISOI 
AAta/t?* /VU/LTIP/^ /M/A 3PIE/E>EO ZEA03 



NOTE A S*££T5 Jf THIS DPAHt/VG APE 
IN OADEP 3E ^E^EPEAICE . 



LOCAL junction 
BOX(/E OS ED) 



CO 

I 
to 

OS 



MOTE B\ SIGNAL COHDmOMEtS AEE 
~?POI//DED IP S/GVAL PPQMSENSJP 
E/cEEDS A/O SX57BM PAAGE . 
SIGNAL eWLYT/CHEP LSMCON7FD 
ON HALE SHELL AM, A7PED V0 
T£PA4/AAL SCPEHCS IN EACTOPy, 



HALESPELL^-. 
-TEMMrtL 

scpe# 1*1*1 

M/M0EPS 

ANALOG 

f&NT 1*1 
CA4D «vt| 




sheet i ihounded jt s£a>sop , 

nd/*"Cl'AIv< s->ielles phi? leads, 
sheet 2 gpoonded neap .^pnsop' 
/{aid/op molt/ple pa ip shielded 

LSADS . 
SHEFTJ.LMSPWNDED 'A' PLANT, 

IND/V'DHALUt YIELDED PALP L&tDS. 
SHEET 4 < UVSPOCAIDED IN PLAPT, 

MULTIPLE PA//! SHIELDED LEADS. 



OPE CAUTIOUS :\APPL Y OMLV W A 
rjXHJP OP IAIW7S(I4)A5SIGAIE£) 70 
A SIN&LE AP CAPD/HALP SHELL . 



LEV APT MIX aPOOA/OEO AWC 

UNQPOUHDED SEA/SaPS . 
2 CO WOT MULTIPLE GPOUA/D AVVY 
SHIELD DPA/H OP SFNSOP LEAD 
WIPE- . 
3 ALL EZAAir <?/?LYi/\/D$ 0Er¥/3 
QPOoP(/4)AtC/$r L3E WTP-/N 
3^ P<A1$/<X <?ftr/£0 7-0 * 
3lN0-l£F pPOOA/0 SO/Mr 
4. CONNECT &£p CA&J-E LTfWA/ 

W/ftE TO ITS SEA/30&. ff#0UtfD 
& CONNECT OAlLy ONE CA&-E 
/>KAiN WAf to r*£ POAAD 
SMEW OFAM//MIS */£ S2) 



ai/AfiO 3W-& 



FIGURE J 56. VOLTAGE SENSOR INPUT CONNECTIONS (REF. DWG. 6S2B6B8, SHEET 2) 



/A/C" ///£{- Ai l y g///£/J>££> /?A/# j^A£>3 



BOX (/A lS£i 



00 

1 
to 



SGVEW 
/VOMBEAS 

ANALOG 
fOMT 

M'M0£#S 




NOTE A 



J-, 



-ers - ' 7£C 



-### -f 



if j oade-* y ppE^FAfMZe . 



/,\'D''/D-jA^ s>-r/£i^£D P4/P L£1DS. 
SHEET ■£. 3#0UA/DED ,\£AR S£KSJ* 

/WDp# AWiVP^f PA ~ S-/£U>££> 

E£A0S . 
SAE£TS..A/OAO(JWEL ' ~~AAT, 

'WWCbAii-) .-W£LD£P -*'A l£A£5 
5HETT 4 JA'GROUVDED ', DlAH^ 

M: r £ 6\ ^ S,'/Al CtftLsTiCSiEiS '*E 



■'/■-., DEC - £J,\~L nO# S£t^JA 
r i ££SS 4/D SKS77V AAfyJE . 

"l ~4-£ ..HELL A A>1 W/REC TT 



f-f E -AUT7C/V2- : V pf '{- y 0/VL y w A 

■■"jfoup or i/fwrsf-t) acs/6/V£D to 

A S/A/uE£ JP CAAC'PALP S/SEiA . 



1 QO /\OT M/X 0£VOA,'DEC AM£ 

UNQHOUWeZ S£A/S0AS . 

2 CO NOT MJIT/Pl£ dPOU/VO M/V 
SH/ELD OPA//V OK SEA/COV IEAC 
WIRE . 

3 33 fvOT ^fOoHD 0A£i£ OZA/flJ 

A/,/?ES -A/ PUA/T . 
■C _V7l \£jr£ACA ABLE ^MA/AJ 

WffE TO /TS 5£/\&OA . 
f SMA£AT 4±L >/^8l£ /\A//V 
W/RES y 3t>MD££l£LD 
^£a,u/AA/S Mf/fJ. 




tt n ft n n u n 






, r:r r;r i ,'t^ ;>n\ rr- fr?, r^n .-i n 
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, £LC0 



PAfi^l^ci. <i> 77,3V 



FIGURE /5c. VOLTAGE SENSOR INPUT CONNECTIONS (REF DWG. 682B688, SHEET 3) 



VOLTAGE SEAGOP </M6ftOuA/££D W PLAAit 
AiOLT/P/E pj/p SH/£L£>E£> LEADS 



LOCAL JOACT/QA/ [^jif 7 
BOX fa OS ED) ' T 



CO 

I 

oo 



HALPSPEU 
TFPAfMl 

AVAIBEPS 




NOTE A\ SHEETS DP TP/S JfAMMS AXE 

//v opdep oe ^s^fff/vcs:. 



SHEET ; gpOUA/DEC AT SfA/SJP , 

;ND/S'Di.ALL'> S-t'ELSED PA/f LEADS 
SHEET 2 3P0ONDES: HEAP SPA/Sfr- 

AVO/OP Ml/iT/PLE PA/ <? S+-/£U)E£> 

LEADS . 
SHEET 3.LAA3AVUA/DED /A Pi APT , 

.'NDtVlDUAHY 5*/EL£>£/> PA/P LEADS. 

sheet 4 uvgxoweed w plapt, 
mut/Ple pa//? swelded leads. 



WTE B\ S/GAJAL CCHD/TWEIS AEE 
PTdV/DED /P S/&VAL EXOMSE7&3P 
£>'l¥E£S A/D SKS7BH PANGE . 
S/G,"jAl CGrtDTT/CftEP EMOJ/7FD 
C/V haiP Shell AAC yY/PED ~~rt 
TEPAA/PAL SCSEtVS/A/ PA C TOP} . 



(#EWUT70NS: \AFPL Y 0*/lY 7D A 
GfiOUP OP /A'WTS~(/4-)aSS'GA'E0 70 
A S//VJlE ap CAPD/PALP SHELL 



I. DO ACT AA/X GPOi/A/DEC <WD 

UNQHOUWED SEA/SOPS . 
2 OO A/OT MJLT/PLE GPOUA/D AA/V 

SP/ELD M4//V OP SEA/SOf LPAD 

W/XE . 
3- CO HOT G POD A/D CA&LE CtfA/Aj 

WIPES /A/ PIANT . 
4-.CCNNee.r EACP CABLE LVA//V 

w//f£ to rrs senso* . 

f. COA/A/ECT ALL CABLE L~*.'A/Ai 
MXES TO 3CAPDSP/ELD 
trppw/y/H M2 j 7EPM/MALS M{ 
A/ WHEP CSEC). 



<\i »> 



*** 



*** 



NJ)Sk§ 
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\KKKKKKKKJ<- 
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VATVAlAV 



..,..„„ ^A AA AA AA 

ANALOG ^^ i^* <„.» Nic 0-5 ^-\> 
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FIGURE 15d. VOLTAGE SENSOR INPUT CONNECTIONS (REF. DWG. 6826688, SHEET 4) 



CURRENT SEA/SOP POWER SUPPLY ,rCJA/Q££> '. ^AP~r 
A Of V/DMl. l / SH/£t DED ~~ • C LEAOS 



^ocal jl/pc^p rtrtfrn 
8 ox Y ™ 



i 
to 

ID 



->4W SHELL 
70M/H4L 
SOYEW 

vombbps 

ANALOG 
QP/PT 
CA£0 0/1/ 
PUAtSEKS 




-SHEETS OF TH/S DMlVm APE 
/P OPDEP OF PPEFEPEPizE. 



MEOQ71WS-- AfPLY ONLY TO A 



-■«EET / .<%*£? SVPPlY yZ^M'ED 

a y>lA/yt -ao/v/ooally 'welded 

PA/fi LEADS. 
SHEET E PLAPT G#OU, V AEAP 

P3WEP SOPPir A/V0/b# MULT/PILE 

P4/R SP/ELDED LfAtDS. 
SHEET 3 U/YGfOO/VOED t- PlPVT 

iftD/WDOALLY SHEWED P4/P LEAPS. 
SHEET4 IPYGPOOAIDED //V PlAPT, 

AAULT/PLE PVP SHIELDED IE ACS. 



(SROUP OF /A/P(PTS04) ASS/ SPED TO 
A S/A/QLE AP CARD/HALF SPEL L . 



PA -VOLT CONVERTER /S 

~MOUVTED OP ^lP SPELL AW 
WIPED Tc ^EPMI/YAL SCPElVS IN 
FACTOPY. 



DO HOT MP 3AOAVOEZ) AMD 
U/VQROL/P£££> SE/VS&S. 
2 DO HOT MULTIPLE (jAWHP MY 
SHIELD DPA/P OP SEAYSQP LSAD 
IMPE. 

3, all plant GfouYMS oe tws 

GWUPY/4jMUSTS£ MEN/AY 3Y. 

PPtS/DC OP TIED ~V A S/P&-E 

GPOPYVD WAT. 
■f COVAIECT EAOP Y1PBLE EXA/N 

WIPE TV /TSS&VSOf (3/CMD. 
S. COPPECT OVLY ONE CABLE MAI/P 

IP/PE TD THE GtiAPD SH;£LD 

(t£RM/PAlS P/f 1 P2). 
b. POM/EP 5L//¥ZY LEAD C'OAPVECZEO 

tt&VTLY 7Z,MAH7L7C'aP\YEP7FA? 

Mi&TSE &POVPDED LEAD. 
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. 6C/APO SM/FI.D 
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FIGURE I6o. CURRENT SENSOR INPUT CONNECTIONS (REF. DWG. 682B690, SHEET 1) 



CO 

I 

CO 

© 



Ct/YWEA/7 SEMSOR ffAOUMOED /VEAR F>0ISEZ SuPfiy 
MULTIPLE FA/ ft Srf^PED LEADS 



haifsuell 

SCfEH' 




local ji/Aiy^^rxrxvkvj 
BOX T Tr 



■AirfWATE G#OU#0 /E 
CL03B TO «J«W SUPPLY 
(SEE PfifCAVr/oM flja.3) 
\. OO AL0T £/?L>OfJO AT 
~~ flOH'EP SufPL V AND SOX 



MA - VOLT CCWVEprEP , 

s~ee mote b , 

SEE F&CALT/aM HO £ , 



T 



I 



I 1 



*s gw \m\ piw CT W* K$ a* 

>N m* y>s t*?> ?:§ ?£ 3>S S< 



***** 



yi5» 



?^ 



$5- 



**** 



'J'^S' 



**** 



\XaXa!a>\vva!aXaXaX/ 



NOTE A -SHEETS OF 7V/S DM/W/VS AfE 



W 0#D£P or /*>£fexeHi£. 



5 HEFT/ FV#£# SUPPLY ytblADfD 

//y jla/yt >\d/v/doallY sh/eloed 

PA/fi LEADS. 
SHEETS PLAWT QftOUW /YEA/? 

fVWEf SUPPLY AM/foX MW.T/Pl£ 

&/P S/Y/ELDED LfAVS. 
SHEET 3. UHGftVNDED M PLANT 

/ND/WLXULLY StfEZPED m/PLEAOS- 
SHEET4(*V&?0i>HC&> /# plant, 

AAULT/EtE FMP SHIELDED LEADS. 



NOTEB \-MA-VOLT OWIYEPTEK /S 



MOUVTED OAJ HALF SMELL AW 
tV/PED re -nEtM/NAL Si>E>VS W 

FAcrafiy. 



wecAQ7Kws\ Amy only to a 

&XXJP Of? /A/Arrs04)ASS/6NED to 
A single ap CA/XVhalE SHELL ■ 



/ DO MOT W WOUNDED AAJD 

UN$/lOL>N££Z) SEAtS&S. 
2 DO HOT A40L77PIE GAX//V0 ANY 

SMEW DM/N Of? S&VSOf l£AD 

MA?£. 
3. AU PLANT 3AOUVDS OP Tf/fS 

G0XJPY/4)MLST££ fty/TWN 3 V. 

tfMs/tx: ae t/ed tz> a syn^le 
aeocwDWArr. 

4 CONNECT EACH CABLE DPA/N 

injpe to /rs s&vsae tf/auvD. 
s connect only one cable &&*/* 

I4//PE TO THE <3tAZ£> SN/ELD 
(TERMWALS ///J A?), 
b. fVIVEJP SLiMr LEAD CONNECTED 

n&zrnr TbAiA-vaErcamfAVFA? 

AUfSTSE GAVi/NOED LEAD. 



•n» ^i~» s. 



ANALOG 

fowr vv; 5^ i;* si? v* >■;»* *S i;i; 
CA£t> #A/ ♦ t ^* ^^ H || || || || 



Ng $X) §J, H §^ §^ 



\\\n 
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FIGURE ?6b. CURRENT SENSOR INPUT CO'' ACTIONS (REF. DWG. 682B690, SHEET 2) 



CURRENT SENSOX (SVGfflwaSD >.V <&4,VT 
;*/£>/ y/<OL'A/J-f SH/E1DED PAIR JUEA&3 



A/ZT£ A -SHEETS Of ~WS DOHWA/8 APE 



/A/ 0/?DEP or PVEEEHEHSE. 



CO 

I 

CO 



>HE£T / fyWEt SUPPli 3fo<AiiE2 
,// &JNT \D/V/DOALLY SHIELDED 
PA/P LEADS. 

StfEETE PE4A/T QPOOW HEAR 
fVLVEs? SHPPiy AHD/OP MOLT/PlE 
eh/p SH/ELDEO uESCS. 

SHEET 3 JNGSOUNDEO *- Pi AWT; 
\C/H£XJALLY SHIELDED WP LEADS- 

SHEET 4 UNOfOOMDED '* PolA/T; 
AAL-LT/PlE P*'P SMEZDED LEADS 



PPECAUTXWS: I Am Y OMY TV A 
dROuP OF //VPi/TSc'/*) ASS/WED TO 
A SWQIE AP CAGD/HAir SMELL ■ 



1 DO NOT W 3fiOcWOED ASJD 
UHQPOLWDED SEA/SOS. 

2 DO HOT MUWIPIE (SOWN/) AHY 
SH/ELD D/&/N O/f SEA/SOA? LEAD 

MfiE. 



SALE SI/ELL 
TEEMWAl 

sorm 

ANALOG 
<V//VT 
CAgD P>\ 
HOMSEfS 




II It II II || II If V ---!/*"€"* <™m 

tf tt ft ft tf tt tT x £ tce\ 



FIGURE 16c. CURRENT SENSOR INPUT CONNECTIONS (REF. DWG. 6826690, SHEET 3) 



cuPPEur sehsoa? l/a/^^ou/voeo /# wa/vt 

MC'Lr/P±£ A*VP Stf/£lDEO ^EADS 



\UPPl Y 



POUiEQ 
SoPFLy 



CO 



to 
to 






LOCAL JUM<y/M\ 



H4LT SHELL 
T&M/H4L 

sctew 







™mwm- 



<w -*. &$ gg k $ »§ $ g jj ££ 
CA£D Pw 

Numets 



ft ft 



a ^ ^ t f ft t f ^ ^ T ^ 



MA -VOLT 

see vertr e, 
SEF P#£CAur/c\ 
V- 6 , /Itrrsa to 



$yj>5-£h» 



0)»- 



*« 



•\KKKKKKKKKkKKKKJ 



ai>4*>D SM/EL. 




HCT£ A 



-SJ£E75 OP TWS DMWA/6 AfiE 



//V OP0£P Of /&£?£■*£#<*£. 



>HEET/ PCWEf SUPPLY 3fatJHJ)£2 

//V #j//r. wa/v/ouAUY shielded 

PA//! LEADS. 

sheets' ££aa/t qpouaio /yea/? 
fvwe/*? supply ah0/&? mult/ple 

PH/P SH/ELDED lESDS. 
SHEET 3. UA/G*Ot/HCl£D H PLAA'r 

/MO/MXMLIY JH/EIDED &/£' LEADS. 
SHEET4lW<y?0oMDED m PlAHt; 

AAULT/PLE PA/P SME1DED LEAPS. 



HOTEB \ - MA -VOLT CONVEPT£P /S~ 

WJVTEO M nAiP SHELL aw 
iH/PED re ^EPM/HAL SCJ&VS W 

^ACraHy. 



f#ECAQ7mS:\ APPLY ONLY TO A 
6QOOP Of /HPCrrsf/4)ASS/&YEP TO 
A SWGLE AP CAKlVhAlP SHELL ■ 



/ DO HOT M &KXAVDEZ) AMD 
U*GPOLHJD£D SEMSCfS. 
2 OS YYCT A4(/LT7&.£ (&tX/S/£> AA/Y 
SHIELD OM/N Of S6/YSOA? LEAD 
M/?E. 
3. DO iVOT CffOO'/VD CABLE DPA/AI 
WfiES ,'H PLAM£ 

4 C0A/4ECT EACH CABLE £>AA'M 
il'/Af TV &OWER SUPPLY 

<lead ca.\N£cr£0 jy.'/fEciy ro 

MA - 1/6 U T Cot.' VEX T£fi 

5 CONNECT Ai-L CAOIF ORAihJ 

W/Res ro r*>E g&ako shield 
(TERMINAL X2. f 7EPM//VALS 
MC V tr/£A/ C/S£D). 
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F/GUKE 17. PHASE LOCK OSCILLATOR LOGIC (REF. DWG. 867C29J, SUB 2) 
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FIGURE J8. ANALOG CONTROL CARD LOGIC (REF. DWG. 867C292, SUB 2) 
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F/CURE ,9. CALIBRATOR CARD LOGIC (REF. DWG. 867C293, SUB 2) 
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FIGURE 20. il SPAN £ GAIN WBUFFER LOGIC (KEF. DWG. 867C294, SUB 3) 
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F/GU/?£ 21. *1 COUNTER CARD LOGIC (REF. DWG. 867C295, SUB 2} 
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FIGURE 22. -2 SPAN <? GA/N W BUFFER ' OCIC (REF. DWG. 867C296, SUS 3) 
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F/GURE 23. 2 COUNTER CARD LOGIC (REF DWG. 867C297, SU8 2) 
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FICURE 24. -'3 SPAN i CAIN W BUFFE<* LOGIC (REF. DWG. 867C" 
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FIGURE 25. -3 COUNTER CARD LOGIC (REF. DWG. 867C299, SUB 2) 
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FIGURE 26. >4 SPAN i GAIN W BUFFER LOGIC (REF. DWG. 867C300, SUB 3) 
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FIGURE 27. M COUNTER CARD LOGIC (REF. DWG. 867C30J, Sl/8 2) 
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FIGURE 28. CHANNEL J7 DRIVER LOG/C (REF. DWG. 867C302, SUB 3) 
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F/CURE 29. CHANNEL 57 DR/VER LOG/C (REF. DWG. 867C303, SUB 3) 
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FIGURE 30. CHANNEL 57 DRIVER LOGIC (REF. DWG. 867C304, SUB 3) 
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FIGURE 31. WORDS 40 TO 57 DRIVER LOGIC (REF. DWG. 867C305, SUB 3) 
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FIGURE 32. WORDS 60 TO 77 DRIVER LOGIC (REF. DWG. 867C306, SVB J) 
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FIGURE 33. ANALOG TRAP LOGIC (REF. DWG. 867C994, SUB 2) 
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FIGURE 34. SUMM/NG RESJSTORS LOGIC (REF. DWG. 867C995) 



TELETYPE "CX" TAPE READER SYSTEM 



I. GENERAL DESCRIPTION 

The Teletype "CX" Tape Reader is used as a high speed tape input device that provides 
outputs corresponding to the intelligence recorded on fully perforated or chadless tape. 
The system operates asynchronously at rates up to 60 characters per second. The sys- 
tem contains a Teletype "CX' tape reader, an interface assembly, a channel buffer 
module (2RB3) and associated cables. 

A block diagram of the reader system is shown in Figure 1. Table 1 indicates the actual 
terminations referenced in Figure 1. 
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Figure 1 

(1) Terminal block type and placement is optional 

(2) Channel Slot is optional 

\ZJ Interrupt assignment is optional 

(4) Extender cable is optional 

(5) Quick disconnect cable is optional 
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Table 1 
n. SPECIFICATIONS 

A. Mechanical Specifications 

1. An outline drawing of the Tape Reader Interface Package is shown in drawing 
794C807. 

2. All signal cables between the interface package and buffer card should use AWG 
#18 stranded wire. A signal distribution panel is available for screwdown type 
terminations which will accomodate all standard sizes up to AWG #16 wire. 

3. The reader may be located at distances up to 1000 feet from the computer. A 
three foot pigtail cable is provided at the interface package so that the extension 
cable may be connected. 



B. Environmental Specifications - Tape Reader 
1. Temperature 50° to 85°F 



2. Humidity 



20 to 80% Relative 



3 . The Teletype CX Tape Reader should be checked visually every two weeks to in- 
sure that the code contacts are clean and the unit is properly lubricated. See 
section 5.1 in the Teletype CX Manual Bulletin 267B for detailed lubrication 
instructions. 

C. Power Requirements - CX Tape Reader 



Voltage 
Frequency 
Power Consumption 
Input Current 



115V AC ±10% single phase 

60 cps±0.75% 

75 watts 

Starting - 4.0 amps 

Full Load - 1.25 amps 
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D. Reference Drawings 

1. CX Tape Reader Package 

a) Outline and Assembly 794C807 

b) Schematic 794C956 

2. Tape Reader Flow. Diagram 867C553 

3. Cables 

a) Refer To Master Cable List for specific job. 

b) Extender Cable - Ml 14 for use up to 1000 feet 

c) 35E to Rowan M008 

d) 35Eto 56E M009 

e) 35E to Curtis M019 

4. Printed Circuit Card 

a) Reader Buffer Card 743A337 



m. CIRCUIT DESCRIPTION 

The Teletype CX Tape Reader is an electro-mechanical device with operate magnets and 
a code contact mechanism complete with leaf contacts. Perforated tape is the trans- 
mission medium for the system. 

Drawing 867C553 serves as an interconnection diagram for the tape reader system. In 
addition to the forementioned features of the tape reader, a tight-tape mechanism (Start/ 
stop contact) and a tape-out mechanism (tape-out contact) are used to disable the oper- 
ating coils and serve to inhibit reader advance when either condition occurs. 

The power switch mounted on the tape reader unit has been rendered inoperative. The 
power switch mounted on the interface package assembly serves to distribute a-c power 
to the reader motor and the 28 VDC operating coils supply contained within the interface 
package assembly. 

The interface package also contains a three foot pigtail cable which can be connected 
to an extension cable to allow the reader to operate up to 1000 feet from the computer. 

The transfer of control and data signals between the interface package and the channel 
buffer module is described in terms of an impedance from PSC (Power Supply Common 
for the computer system). A signal is present means PSC is presented through a very 
l ow impe dance, hereafter referred to as a logical "0". When a signal is not present 
(present), it is presented through a high impedance, it will be referred to as a logical "1". j 

A. Eight Tape Level Data Signals to the buffer module. Logical "0" is present on any 
level when a perforation on the tape exists. 

B. "U" Contact Signai to the buffer module. The "U" contact input is the "Universal" 
contact in the reader which closes every time a character is read. It is interpreted 
as a "Strobe Tape Level Data" command and a "Stop Reader Advance" command by 
the Reader Buffer Module. 

C. Reader Advance Signal to the interface package assembly. This signal triggers the 
magnetic drive circuit. 
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Three additional signals are required to complete the repertoire: 

A. An Interrupt Input Signal to the I/O Interface is generated by the module in response 
to the "U" contact signal. 

B. A Channel Read Signal (Channel half-select) must be programmed into the Central 
Processor as a response to the interrupt input, that is the program must read the 
data on a particular channel. 

C. A Clear Data Register (CDR) Signal is processed within the module circuitry. | 

The sequence of events is described in detail in Section IV, "Printed Circuit Card 
Description." In general terms, the events are chronologically listed as follows: 

A. Channel Read (Channel Half- Select): 

1. Input Data 

2. Initiate Reader Advance Signal 

3. Initiate Clear Data Register 

B i "U" Contact closes: 

1. Turn Off Reader Advance Signal | 

2. Turn Off Clear Data Register Signal | 

3. Initiate Interrupt Input (Data Available) | 

When convenient, the Central Processor responds to Initiate Interrupt Input by initiating 
Channel Read, hence giving asynchronous operation. Data is interpreted as a "1" when 
the module data register bit output is in a positive voltage, and a "0" when the bit output 
is zero voltage. The eight tape levels are transmitted via the input data lines to the cen- 
tral processor core memory, bits 13 to 6 as shown in Figure 2. 

Refer to the 2RB schematic and the Teletype Model CX Interface Schematic 794C956. 

Transistor Ql on 794C956 will conduct each time Sl-1 (on the 2RB card) is turned on. 
This causes the operate coils in the reader to be energized, provided the start switch 
closed and there is tape in the reader. Each time the operate coils are energized, the 
reader advances and will read one character, then the "U" contacts close, which cause 
an interrupt and blocks SCR, Sl-1, which deenergizes the operate coils. When an ac- 
knowledgment is received, Sl-1 gets set, the reader will read another character. 

Refer to Programmers Reference Manual for information relative to input data from 
external devices. 
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TELETYPE BRPE TAPE PUNCH SYSTEM 



I. GENERAL DESCRIPTION 

The Teletype BRPE Punch is used as a high speed remotely-located paper tape punch. 
The tape punch system consists of the Teletype BPRE type punch, an interface package 
including automatic motor on/off control, cables and a channel card, 1DE3. The system 
is capable of punching 8 level tape at speeds up to 63 characters per second. A block 
diagram of the tape punch system is shown in Figure 1. 

II. SPECIFICATIONS 

A. Mechanical Specifications 

1. An outline drawing of the tape punch and interface package is shown in drawing 
794C762. The tape punch may be mounted in a standard console or it may be set 
on a desk or table top. 

2. All signal cables between interface package and 1/0 processor should use AWG 
#18 stranded wire. A signal distribution panel is available for screwdown type 
terminations which will accommodate all standard sizes up to AWG #16 stranded 
wire. 

3. The tape punch may be located at distances up to 1000 feet from the 1/0 interface. 
A 3 foot pigtail cable is provided at the punch interface to which an extension cable 
may be connected. Table 1 indicates the actual terminations shown in Figure 1. 

B. Environmental Specifications 

1. Temperature - 50 to 110°F 

2. Humidity - 40 to 80'? Relative 

3. The BRPE tape punch should be lubricated at regular intervals as needed. The 
lubrication interval should not be more than 160 hours or one month of service, 
whichever occurs first. The maintenance time required is approximately 2 hours. 
Maintenance and lubrication instructions are found in Teletype Technical 
Manual - Bulletin 215B. 

C. Power Requirements 

1. Voltage 115 VAC ± 10% single phase 

2. Frequency 60 cps ♦. 75% (50 cycle units also available) 

3. Current 9 amp starting - Punch Motor 

2 amp running - Punch Motor 
2 amp (DC power supply) 

D. Reference Drawings. 
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BLOCK DIAGRAM OF TELETYPE TAPE PUNCH SYSTEM 

Figure 1 



1. Teletype BRPE Punch and Interface Package 

a) Outline-Punch-794C762 

b) Schematic- 1050279 

2. System Cables (Refer to Table 1) 

a) 35 pin card edge to 56E - 743A498 Ref. only* 

b) 35 pin card edge to ROWAN - 774A886 Ref. only* 

c) 56E to 56E extension cable - 743A492 Ref. only* 



feet or less 
up to 1000 feet 



d) 58E to 56E block extension cable ( ^114 250 i f ' 

I Ml 16 up to 

e) Curtis block to Curtis/Rowan { JJ}" 25 ° fe *£ r , le ! 8 
Note: M numbers refer to cable numbers, 1 M122 up to 100 ° feet 

refer to Master Cable List for 
particular job. 

3. Tape Punch Interconnection Diagram - 867C541 

4. Tape Punch Channel Card - 743A328 (DE) 
Tape Punch Amplifier Card - 743A376 (TP) 

*Table 1 is a composite listing of the information on these 3 Drawings. 
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Teletype Tape Punch 






1/0 Processor 




Interface 


Card Edge 


(35 Pin Elco) 


Terminations 


Extension Cable 


Terminations 




35E 


ROWAN 


56E 




56E 


CURTIS 


MNEMONIC 


CURTIS 


Bit 13 


X7 


Kl A 




A Kl 


Bit 12 


X8 


K2 B 




B K2 


Bit 11 


X9 


K3 C 




C K3 


Bit 10 


X10 


K4 D 




D K4 


Bit 9 


Xll 


K5 E 




E K5 


Bit 8 


X12 


K6 F 




F K6 


Bit 7 


X13 


K7 H 




H K7 


Bit 6 


X14 


K8 J 




J K8 


Bit 5 


X15 


K9 K 




K K9 


Bit 


X16 


K10 T 
Kll U 




T K10 
Kll 


-28V Ext 


X20 


K12 V 




V K12 


f28V Ext 


X6 


K13 W 
K14 X 
K15 Y 




W K13 
K14 
K15 


Trigger 


XI 


K16 Z 




Z K16 


-28V Ext 




Jl L 




L Jl 


-28V Ext 




J2 M 




M J2 


-28V Ext 




J3 N 




N J3 


-28V Ext 




J4 P 




P J4 


-28V Ext 




J5 R 




R J5 


-28V Ext 




.16 S 
J7 AA 
J8 BB 
J9 CC 
JIO DD 
Jll EE 
J12 FF 
J 13 HH 
J14 JJ 
J15 KK 
J16 LL 




S J6 
J7 
J8 
.19 
JIO 
Jll 
J12 
J13 
J14 
J15 
J16 
NN(shield) 



Table 1 



III. 



CIRCUIT DESCRIPTION 



-Q 1 



The Teletype BRPE tape punch requires 10 bits of Information for punching tape and 
motor ON/OFF control. The punch motor is turned on and off under computer control 
to prevent excessive wear on the punch parts if the punch is inadvertently left idling. 



A character on tape is made up of 8 channels corresponding to 8 bits of data and a 
feed hole. One bit controls the feed hole magnet which is energized for every char- 
acter. Also this bit is used to turn on the punch motor and d.c. power. Another bit 
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the output word is used to turn off the punch motor and d.c. power to the punch mag- 
ts. Therefore, the punch output character includes 10 hits, R hits of data and 2 for 



ot 

net 

control. 



The timing of the punch control circuitry is derived from a magnetic pickup mounted 
on the punch. This pickup generates a pulse indicating that the punch magnets may be 
energized. From this pulse, the control circuitry enahlcs the magnet drivers for a 
period of 4.5 milliseconds. At the end of this period of time, the control circuitry in- 
hihits the magnet drivers and generates an interrupt pulse which is sent to the com- 
puter asking for another character of output. 

Drawing 867C541 is an inconnection diagram of the tape punch system and indicates 
the major components required. 

The d.c. power supply located in the interface package supplies the required power 
for the tape punch system. The negative side of this 28 volt power supply is tied to, 
<ind common with, the negative side of the 26 volt I/O interface supplv. 

The following signals are required between the punch interface package and the channel 
buffer module, 1DE3. 

1. Ten Data and Control signals from the buffer module to the punch interface pack- 
age. Zero voltage implies the corresponding punch magnet will be energized. 

2. Reset Signal from the punch interface package to the buffer module. This signal 
occurs each time the computer outputs a character and the magnetic pickup pulse 
tins been generated. This pulse is used to clear the SCR buffer register and ini- 
tiate an interrupt. 

The following signals are required between the 1/0 interface and the buffer module. 

1. An Interrupt Input Signal to the 1/(3 interface indicating that the character has been 
punched and requests more output. 

2. A Channel Output Signal addressing the selected channel and loading the SCR 
buffer with a data word. 

Therefore, in order to punch tape, it is necessary to address the selected channel 
which will load data into the SCR buffer register. The Punch motor will turn on 
and the corresponding magnets in the tape punch will be energized through inter- 
mediate power amplifiers; the punch will cycle; a reset pulse will reset the SCR 
buffer register and generate an interrupt. The computer may then output another 
data word at its convenience. 

The 10 bit code used with the punch is shown in Figure 2. 

B. Punch Motor and Power Control 

As mentioned previously, the punch may be turned ON and OFF under computer 
control. Both the punch motor and the d.c. power to the punch magnets are turned 
on and off by the computer as shown in Figure 3. A Struthers-Dunn relay (K2) is 
used since the switching contacts must be able to switch 9 amperes of starting cur- 
rent to the punch motor and carry 9 amperes of d.c. current to the punch magnets. 
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735 SELECTRIC LOGGING TYPEWRITER 



I. GENERAL DESCRIPTION 

The IBM 735 "Select ric" typewriter is used as a logging printer in the computer system. 
The logger system consists of an IBM 735 printer, an interface package including auto- 
matic motor on off control, cables, and a channel card, 1SL. The system is capable of 
printing alphanumerical characters at speeds up to 15 characters per second and has a 
maximum line width of 156 characters. A block diagram of the printer system is shown 
in Figure 1. Table 1 indicates the actual terminations referenced in Figure 1. 

II. SPECIFICATIONS 

A. Mechanical Specifications 

1. An outline drawing of the printer and interface package is shown in Drawing 
105D174. The printer may be mounted in a standard console or it may be set on 
a desk or table top. 

2. All signal cables between the interface package and buffer card should use AWG 
#18 stranded wire. A signal distribution panel is available for screw-down type 
terminations which will accommodate all standard sizes up to AWG #16 wire, 

3. Logging printer may be located at distances up to 1000 feet from the computer. 
A 3 foot pigtail cable is provided at the printer to which an extension cable may 
be connected. 

B. Environmental Specifications 

1. Temperature - 50° to 110°F 

2. Humidity - 40*; to 80 f " Relative 

3. The IBM 735 logging printer is designed to operate reliably in office, warehouse, 
and light industrial environments. However, if unusual environmental conditions 
exist (excessive dust and dirt or a corrosive atmosphere) it is necessary that 
some protection (dust proof consoles, etc.) be provided to insure optimum 
reliability. 

4. The printer should be checked and lubricated a minimum of once every 4 weeks. 
The maintenance time required is approximately one hour. 

Information on scheduled maintenance and lubrication of the 735 Select ric is 
contained in the "IBM Customer Engineering Universal Reference Manual, 
Selectric I O Keyboard Printer" IBM Form/Part No. 241-5182-1. Also included 
in this manual are "Adjustment" and "Removal" Sections and the Selectric 
specifications, timing, etc. It should be noted that maintenance contracts are 
available from IBM for this equipment. Information about these contracts may 
be obtained from the Westinghouse Computer Systems Marketing Department. 



16-1 



Oi 

I 

tO 



1SL3 



Channel Card 

Slot Address 

Optional 



Interrupt Input 



I/O Processor 



Extention 
Cable* 
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M F 



m. 



56E 




r~f 1 



IBM 

Selectric 

Printer 



I nterface 
Package 6 
Motor On/Off 
Control 



"> 



-Z. 



TB-Curtis-TB 



_y 



LAC V 



Customer _ 
AC Wi ring 
115V 
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Figure 1 





I/O Processor 
Terminations 




IBM 735 Selectric 


Card Edge (35 Pin Elco) 


ROWAN orj 
CURTIS 


56E 


Extension 
Cable 


Interface Terminations 


MNEMONIC 35 E 


56E CURTIS 



PRINTER 

OPTIONS 

AVAILABLE 

TO CCO 

SPECIAL 

FOR EACH 

JOB. 



Bit 13 
Bit 12 
Bit 11 
Bit 10 
Bit 9 
Bit 8 
Bit 7 
Bit 6 
Bit 5 
Bit 4 
Bit 3 

PSC(-28V) 
+ 28V 
Reset 
TAB 
TAB (RET.) 

-28V 

-28V 

-28V 

-28V 

-28V 

-28V 
Keyb'd Lock 
Keyb'd Lock (R) 
Color Shift 
Color Shift (R) 
Back Space 
Back Space (R) 
Index 
Index (R) 



X13 

X12 

Xll 

X10 

X9 

X7 

X6 

X5 

X4 

X3 

X2 

X20- 

XI 

X14 



Kl 


A 


K2 


B 


K3 


C 


K4 


D 


K5 


E 


K6 


F 


K7 


H 


K8 


J 


K9 


K 


K10 


T 


Kll 


U 


K12 ' 


r- V 


K13 


W 


K14 


X 


K15 


Y 


K16 


Z 


Jl 


— L 


J2 


— M 


J3 


L_ N 


J4 


— P 


J5 


— R 


J6 


— S 


J7 


AA 


J8 


BB 


J9 


CC 


J10 


DD 


Jll 


EE 


J12 


FF 


J13 


HH 


J14 


JJ 


J15 


KK 


J16 


LL 



A 
B 
C 
D 
E 
F 
H 
J 
K 
T 
U 
V 
W 
X 
Y 
Z 
L 
M 
N 
P 
R 
S 

AA 
BB 
CC 
DD 
EE 
FF 
HH 
JJ 
SPARE jKK 

III 



Kl 

K2 

K3 

K4 

K5 

K6 

K7 

K8 

K9 

K10 

Kll 

K12 

K13 

K14 

K15 

K16 

Jl 

J2 

J3 

J4 

J5 

J6 

J7 

J8 

J9 

J10 

T1 1 

(J X A 

J12 
J13 
J14 
J15 
J16 



♦Additional returns when printer is 1000 ft. from I/O Processor 



Table 1 
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C. Power Requirements - (735 Typewriter) 
Voltage - 115 VAC i 10% single phase 

Frequency - 60 cps t 0.75% (50 cps units also available) 
Input current - 3 amps maximum 

D. Reference Drawings 

1. IBM 735 Selectric Interface Package 

a) Outline and Assembly - 105D174 

b) Schematic - 794C951 

2. Device Distribution Panel Power and Signal Connections 

a) Assembly - 844A443 

b) Signal Cable (56E to Curtis TB) - 844A444 

3. 1/0 Device "extension cable" - Master Cable List 

Ml 14 - 56E to 56E ( The Selectric is less than 250 feet from 1/0 

M121 - Rowan to Curtis 1 Interface and no options required. 

Ml 16 - 56E to 56E i The Selectric is greater than 250 feet and less 

M122 - Rowan to Curtis ^ than 1000 feet from 1/0 Interface or special 

' options are required. 

4. 1/0 Cabinet Wiring (Cables) 

a) Card edge to panel connector (56E) - M108 - Master Cable List 

b) Card edge to Rowan block - M107 

c) Card edge to Curtis block - M120 

5. Selectric Card - 1SL3 - 743A341 

III. CIRCUIT DESCRIPTION 

The IBM 735 Selectric printer requires an eleven bit code in order to print, space, shift, 
and carriage return. Seven of the bits are used for printing alphanumeric characters 
while the other four bits are used for function control. Each of the bits has an associated 
magnet which when energized will cause the printer to cycle. When the machine cycles, 
certain control contacts in the printer close, indicating the operation has been completed. 

Drawing 867C505 is a complete flow diagram of the printer system and indicates the 
major components required. 

The motor on-off switch mounted on the printer has been disconnected and replaced by 
one which places the printer in the off-line mode so that the motor is running but the 
computer cannot output to the printer. This mode of operation is covered in the Motor 
On-Off Control section. 

The D.C. power supply located in the interface package supplies the required power for 
the printer system. The negative side of this 28 volt supply is tied to and common with 
the negative side of the 26 volt computer power supply. 
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The following signals are required between the interface package and the buffer module. 

1. Eleven Data Signals from the buffer module, zero voltage implies the corresponding 
magnet will be energized. 

2. R eset Signal from the interface package to the buffer module. This signal occurs 
every time the printer cycles and is used to reset the buffer register. 

The following signals are required between the computer I/O Interface and the buffer 
module. 

1. An Interrupt Input signal to the I/O Interface indicating the function has been 
completed and requesting more output. 

2. A Channel Output signal addressing the selected channel for loading the buffer with 
a data word. 

Therefore, in order to output to the printer, it is necessary to address the selected 
channel which loads data into the buffer register (1SL3). The corresponding magnets in 
the printer will be energized; the printer will cycle; a reset signal will reset the buffer 
and generate an interrupt and the computer may output another data word at its 
convenience. 

The eleven bit code required to print alphanumeric information is shown in Table 2. 

MOTOR ON/OFF CONTROL 

The Selectric motor will turn on when the computer outputs a character to the logging 
printer. As long as the computer continues to log or print data, the motor will remain 
on. If the computer stops outputting characters, the motor will turn off after a period of 
approximately 3 to 4 seconds. 

The a.c. voltage to the printer motor is controlled by relay Kl contacts as shown in 
Drawing 867C505. Outputting any character as found in Table 2 will cause this relay to 
be energized and the printer motor will turn on. 

The switch SI is used to pick relay Kl if it is desired to operate the printer in the off- 
line mode. One pole of the switch is in series with the d.c. supply, so that when the 
printer is in the "MAN" mode the computer may not print on the logger. It is therefore 
necessary to place the switch SI in the "AUTO" condition so that the computer has 
complete control of turning the printer on and off. 

When the printer is not being used by the computer, Kl relay is de-energized and the 
5000,- f capacitor, C3, will charge up through normally closed contacts (pins 5 and 6) and 
the 20 ohm resistor to the positive side of the power supply. When Kl is picked, the 
relay contacts transfer the charged capacitor to the relay coil. As long as the computer 
continues to output to the printer, Kl will remain energized and the capacitor will 
remain charged. 

When the computer discontinues outputting to the printer, the capacitor will discharge 
through relay Kl. The relay will remain energized until the capacitor voltage drops 
below the holding voltage for the relay. This is approximately 3 seconds. When the 
relay drops out, the capacitor will be recharged through the 20-ohm resistor. 
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In order for the computer to have complete control of the printer motor, it is necessary 
to bypass the ON/OFF switch mounted on the Selectric. This is done by disconnecting 
wires at the switch and crimping them together. 

Another modification which is required for the Selectric is to disable the "Shift-Up Lock" 
on the keyboard. This must be done since it is possible to lock the shift mechanically at 
the keyboard. It may damage the printer "shift-up" solenoid since a completion signal 
will not be given when a shift-up command is given and therefore the shift-up magnet 
will remain energized. 

OPTIONS 

Several options are available and are indicated in Table 1. These include Tab, Keyboard 
Lock, Color Shift, Index and Back Space. The control of these options must be done 
using standard contact closure outputs. There is no standard feedback for these options; 
therefore they must receive their control through programming. 

These options are brought back to the computer through the standard Selectric cables; 
however, the wiring to the CCO unit must be taken care of for each specific system. 

Both Color Shift and Keyboard Lock require level-type signals, while Index, Back Space 
and Tab require a pulse for a single actuation of the magnet. Note that when these 
functions are performed, an interrupt from the 1SL3 card will occur. This can be used 
to open the CCO which initiated the function. There will be no interrupt for Color Shift 
and Keyboard Lock. 

INTERFACE POWER SUPPLY 

The power supply used in the interface package is an unregulated plug-in power supply 
which fits into a standard 8 pin octal socket. 

The nominal output voltage of this supply is 40 volts. 

This power supply is identified as PSlon 867C505. 
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Table 2 shows the code required for the IBM 735 Printer 



PRINT 






Bit* 










FUNCTION 


13 


12 


11 


10 


9 


8 




A 





1 










1 




B 


1 


















C 


1 













1 




D 


1 







1 





1 




E 


1 







1 










F 













1 


1 




G 










1 


1 


1 




H 


1 








1 










I 





1 















J 










1 


1 







K 


1 


















L 


1 







1 





1 




M 





1 




1 


1 


1 




N 


1 










1 













1 




1 





1 




P 










1 










Q 



















Space "1" in Bit 6 


R 





1 




1 





1 




S 





1 










1 


Carr. Ret. "1" in Bit 5 


T 


1 







1 


1 







U 


1 







. 


1 


1 


Shift up "1" in Bit 4 


V 





1 







1 


1 




w 





1 













Shift down "1" in Bit 3 


X 


1 







1 


1 


1 




Y 










1 










Z 


1 


1 




1 


1 







1 + 


1 


1 




1 


1 


1 




2 9 


1 


1 







1 







3 # 


1 


1 







1 


1 




4$ 


1 


1 




1 





1 




5 % 


1 


1 




1 










6? 


1 


1 















7 & 


1 


1 




1 





1 




8 * 


1 


1 










1 




9 ( 


1 


1 
















) 


1 


1 





1 










= + 













1 







i ° 





1 




1 


1 







/ ? 











1 





1 




t . 





1 







1 







) » 
















1 




l ii 





1 




1 










» • 










1 





1 


, 



*When Bit 7 is a "1", the machine prints a dash (-). 



Table 2 
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DESCRIPTION — MATERIAL 
DIMENSIONS IN INCHES 



PATT. NO. 

OR 
REF. DWO. 



FIN. CH. 
LINE NO. 



STYLE 
NO. 



SYM. 



OR. 



/ 
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2 
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±.06 



±.04 



±■02 



2 PLACE 
DEC. 



±.015 



±.010 



±.005 



3 PLACE 
DEC. 



TOLERANCE UNLESS 
OTHERWISE SPECIFIED 
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TELETYPE MODEL 35 INPUT/OUTPUT SYSTEM 



I. GENERAL DESCRIPTION 

The Teletype Model 35 equipment is used as a low speed Input/Output to the 1/0 pro- 
cessor. The equipment uses the "American Standard Code for Information Interchange" 
and operates at a speed of 10 characters per second. When used for Input/Output the 
equipment may be a Model 35 ASR (punch, reader, keyboard and printer) or a Model 35 
KSR (keyboard and printer). An Output only, the Model 35 RO is also available (printer 
only). The Model 35 Input/Output System is shown in Figure 1, and consists of the 
Model 35 (ASR, KSR, RO), an Interface package with automatic motor ON/OFF control, 
cables, and 3 channel cards. (2TN1, 4T01, 3TS1) The 2 TNI channel card is not 
required when the Model 35 RO is used. 

II. SPECIFICATIONS 

A. Mechanical Specifications 

1. An outline drawing of the Model 35 ASR is shown in Drawing 105D369. Drawing 
105D371 is an outline drawing of the Model 35 KSR and RO. The interface package 
and motor ON/OFF control is mounted in the stand of the equipment. 

2. All signal cables between interface package and 1/0 processor should use at least 
AWG #22 stranded wire. A signal distribution panel is available for screwdown 
type terminations which will accommodate all standard sizes up to AWG #16 
stranded wire. 

3. The Model 35 equipment may be located up to 1 mile from the 1/0 processor 
using standard extension cables. However since this equipment is compatible 
with Dataphone and standard TWX, its location is effectively unlimited. A 3 foot 
pigtail cable is provided at the interface to which an extension cable may be 
connected. Table 1 indicates the actual terminations shown in Figure 1. 

B. Environmental Specifications 

1. Temperature - 50° to 110° F. 

2. Humidity - 40% to 80% Relative 

3. The Model 35 equipment should be lubricated at regular intervals as needed. The 
lubrication interval should not be more than 1500 hours or 6 months whichever 
occurs first. The maintenance time required is approximately 3 hours. Main- 
tenance and Lubrication instructions are found in Teletype Technical Manual 280B 
(ASR) and 28 IB (KSR and RO). 

C. Power Requirements 

1. Voltage - 115 Volt AC + 10% single phase 

2. Frequency - 60 + 0.5 cycles (50 cycle equipment available) 

3. Current - 3 amperes 
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D. Reference Drawings 

1. Model 35 Equipment and Interface 



Model 35 ASR 
Model 35 KSR 
Model 35 RO 



Outline 
105D369 
105D371 
105D371 



Schematic 
105D372 
105D373 
105D374 



2. System Cables (Refer to Drawings 867C573, 867C574) 



a) 35 pin card edge to 56E 


Model 35 KSR, 
M006 


35 ASR, 
M006 


35 RO 
M105 


b) 35 pin card edges to ROWAN 


M005 


M005 


M104 


c) 56E to 56E Extension 


M114 


M114 


M114 


d) 35 pin card edge to CURTIS 


M004 


M004 


M103 



3. Channel Cards 

2TN1 
4T01 
3TS1 



743A339 
743A327 
743A342 



m. CIRCUIT DESCRIPTION 



A. General 

To feed blank tape on the Model 35 ASR, it is necessary to depress the "control, 
shift, "P" and "Repeat" keys in that order. This will feed blank tape as long as the 
"Repeat" key is held depressed. 

The mode switch on the Model 35 ASR is used to select different modes of Input/ 
Output when the equipment is ON-LINE. 



Position "K" 



Position "KT" 



Position "T" 



Position "TTS" 



- The keyboard and printer are connected to the computer. 

- The keyboard, printer, tape reader, and tape punch are connected 
to the computer. When the tape reader is transmitting, the 
message is copied by the printer and a duplicate tape is punched. 
The keyboard should not be operated when the tape reader is 
reading. When the keyboard is transmitting, the message is 
copied by the printer and a tape is punched. 

- The tape reader and printer are connected to the computer. The 
printer copies what is being transmitted by the tape reader or 
received from the computer. The keyboard and tape punch are 
left in an OFF-LINE condition and tape may be prepared locally 
from the keyboard while transmitting to and from the computer. 

- The tape reader reads binary tapes with no printing occurring. 
The keyboard and tape punch may be used to prepare tape without 
interference to the tape reader. 
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Position "TTR" - The tape punch is connected to the computer and may be used to 
punch binary tapes. The tape reader, printer and keyboard are 
disconnected. (This mode has no apparent use at present.) 

The Model 35 KSR has no MODE switch and the keyboard and printer are always 
connected to the computer when the KSR set is ON-LINE. 

When punching binary tapes using the programmer's console programs (BP) the 
operator should set the mode select switch to the KT position so that the limits of 
punching are not punched in the binary output tape. When the "trigger" character, 
return, is given, a 10 second program delay will occur to allow the operator to 
switch the mode select switch from KT mode to TTR mode. Binary punching will 
then occur. Any additional binary output requires switching to the KT mode, typing 
in the limits, and then switching back to the TTR mode. 

Teletype Model 35 send-receive equipment uses an 8-level code (standard ASCII 
code) as shown in Table 2. An additional two bits of data are required for turning 
the motor on and off under computer control so that the total output character is 
made up of 10 bits while input data is 8 bits. Current on the line is defined to be 
60 milliamperes for marking and milliamperes for spacing. In addition to the 
intelligence portion of the code, control is required; since transmission is serial, 
a "start" and "stop" pulse must be generated. The start pulse precedes the first 
intelligence pulse of each character and is always a spacing pulse (open line), while 
the stop pulse follows the last intelligence pulse and is always a marking pulse 
(current in line). 

The "start" pulse has the same duration as each of the character pulses, while the 
"stop" pulse has a duration of twice that of the others. If each character pulse is 
given a unit time duration, the total time required to transmit any character is 11.0 
units. A transmission rate of 10 characters per second requires a rate of 110 units 
per second. Therefore, one unit of time is equal to 9.09 milliseconds. This is the 
basic unit of time for the Teletype serial transmission equipment. 

The above general description indicates how a two wire teletype transmission 
system operates. In order to be compatible, so as to transmit serial data, it is 
necessary to open and close the line at the required rate. In order to receive serial 
data it is necessary to monitor the line, sychronized with the start pulse, and detect 
when there is current and when there is no current. This is done by using a 
mercury relay contact for output and a mercury relay coil for input, both of these 
being in series with the line as shown in Figure 2. 

B. Information Transfer 

Figure 2 indicates in block diagram form, the major components which make up the 
control of data transfer between the I/O interface and the Model 35 equipment. 
These components make up the 3 channel cards mounted in the I/O interface; 4T01, 
3TS1, and 2TN1 cards. 

In order to provide the necessary timing required by the Model 35 equipment, a 
five-stage counter is used. This counter is stepped along by alternate pulses, PI 
and P2. The timing of this counter is shown in Figure 3. PI and P2 pulses are 
derived from a unijunction oscillator circuit and are timed to occur alternatively 
every 9.09 milliseconds, the basic unit of time of the 35 equipment. The five-stage 
counter can give 10 different states. These are shown in Figure 3. Note that state 
EA is equivalent to the "start" for the 35 equipment. The eight succeeding states 
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Character 
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SPACE 






Level 
8T7T6 5 41 Feedhole 3 2 1 Octal 



300 
101 
102 
303 
104 
305 
306 
107 
110 
311 
312 
113 
314 
115 
116 
317 
120 
321 
322 
123 
324 
125 
126 
327 
330 
131 
132 
333 
134 
335 
336 
137 
240 
041 
042 
243 
044 
245 
246 
047 
050 
251 



Character 



/ 

1 
2 
3 
4 
5 
6 
7 
8 
9 
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RU 
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TAB 

LINE \ 
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VT 
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TAPE 
X OFF 
TAPE 
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OUT / 



Level 
8 7 6 5 4 Feedhole 3 2 



Octal 



252 
053 
254 
055 
056 
257 
060 
261 
262 
063 
264 
065 
066 
267 
270 
071 
072 
273 
074 
275 
276 
077 
204 
005 
006 
207 
011 

012 

213 
014 
215 
021 
022 
223 
024 
374 

175 
377 



ASCn TELETYPE CODE 
Table 2 
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represent the 8 bits of data for the Model 35 code. "Stop" is represented by state 
D-E" of the sequencer and at this time an 18.18 millisecond delay is generated since 
"stop" is twice as long as the other states. This sequencer is used to serialize 
data during output and also for sequentially storing the serial data during input. 

Figure 4 shows generally how data is transferred between the Model 35 equipment 
and the control logic. An SCR is used to buffer each of the eight bits which make up 
the 35 code. Each SCR may be set from the computer using the I/O processor data 
outputs and addressing the channel or it may be set as a result of inputting data 
from the Model 35 reader or keyboard. 

As shown in Figure 4 the "line" is closed to the 35 equipment and may be opened by 
opening the Kl contacts (output) or by opening it within the 35 equipment (input), 
either by striking a key on the keyboard or by reading a character from tape. 

1. Output Mode 

To output a character it is necessary to start the sequencer. This will happen 
when a character is loaded into the eight bit SCR buffer from the computer. The 
sequencer is reset to step E-A and a start pulse is given which occurs as a result 
of Kl relay being energized. Note that a "start" pulse will occur with every 
character that is loaded into the register during output. 

The next step in the sequence A-B will select Bit 5 of the SCR register. Point 
"3" (select) will go positive it the SCR has not been set (0) and will be clamped 
to ground if the SCR has been set (1). This output "S" is then OR'ed into the Kl 
driver so that if the SCR was set (1) the relay will not be energized and the "line" 
will remain closed. However, if the SCR was not set then the Kl driver will con- 
duct and the relay contacts will open, opening the line. The next SCR, Bit 6, will 
be selected by the B-C state of the sequencer and the line will be opened or closed 
depending on the state of the SCR. Each of the SCR's up to Bit 12 will be 
examined by the sequencer and the line will be opened or closed. Once the 8 bit 
code has been transmitted a "stop" pulse is given. This requires that the "line" 
be left closed for at least two units of time, 18.18 milliseconds. After this period 
of time a new character may be processed. The stop code occurs when state D-E 
occurs and is generated by a unijunction time delay circuit covered later in the 
description of operation. 

After each output character is processed the register is cleared and an interrupt 
is given to the computer asking for another character. 

2. Input Mode 

When a key is struck on the keyboard or a character is read from tape, the 
sequencer is reset and starts to step along in synchronism with the ASR set. A 
signal called "input load" is generated when the Input Mode is selected. This 
signal, shown in Figure 4, is used to strobe the condition of the "line" for each of 
the data bits. The input load signal occurs approximately 6.3 milliseconds after 
the beginning of each step of the sequencer. 

The "input load" signal pulses the "gate" of the selected SCR. When this gate is 
allowed to go positive the SCR will be turned on. As shown in Figure 4, if the 
SCR is turned on when the input channel is selected the data input to the computer 
will be a logic "0" since the SCR shorts windings 1 and 2 of the pulse transformer. 
A logic "1" will be sent to the computer if the SCR is in the blocked state. 
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Therefore, to transmit a logic "1" to the computer from the data register it is 
necessary to suppress the input load signal so that the SCR will remain blocked. 
This is done by using the contacts of a mercury relay as shown in Figure 4. 
The coil of the relay is in series with the line and is energized when the line is 
closed (1). The normally open contacts of this relay suppress the input load 
signal when the line is closed, a logic "1" condition. When the contacts open the 
input load signal is permitted to go positive. The contacts will open if the relay 
is de-energized, i.e., the line is open. 

It is, therefore, possible to monitor the condition of the "line" and sequentially 
set the SCR data register. Since both the sequencer and the ASR set are in 
synchronism, it is possible to store the serial code in the buffer register. At 
step AB of the sequence point "S" is positive and if the "line" is open the input 
load pulse will not be inhibited and the SCR gate will be pulsed, setting the SCR. 
A logic "0" w ill be transmitted. If, however, when step A~-B occurs the "line" is 
closed the relay contacts will be closed and the "input load" signal will be 
suppressed and the SCR will not be set. A logic "1" will be transmitter! to the 
computer. As each step of the sequence occurs the line contact will be monitored 
and the corresponding SCR will be turned on or left blocked. 

When step DE occurs, the "stop" code is generated and an input interrupt is 
given, and the computer may then read the buffer register by addressing the 
particular channel. 

3. Signal Requirements 

The following signals are required between the Model 35 equipment interface 
package and the channel modules 2TN1, 4T01,and 3TS1. 

a) Two signal wire communication link with the capability of opening and closing 
the line for output; and the capability of monitoring the line opening and closing 
for input. 

b) A reader control signal for start/stop control of Reader unit in Model 35 ASR. 

c) Motor ON/OFF control signal for turning Model 35 equipment on and off under 
computer control. 

The following signals are required between the I/O processor and the channel 
modules 2TN1, 4TOl, 3TS1. 

a) Two Interrupt Input Signals 

1) INPUT (2TN1) - indicating character is ready for transfer to I, O interface. 

2) OUTPUT (3TS1) - indicating character has been processed by Model 35. 

I)) Two channel half selected signals, one for loading SCR Data Duffer for output 
and one lor Inputting Data from SCR Buffer Register. 

The 10 bit code used with the punch is shown in Figure 5. 
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Motor On/Off Control 



The motor in the Model 35 equipment may be turned on and off with the LINE/OFF/ 
LOCAL switch on the set or by the computer which parallels the operation of this 
switch. Since the life of the equipment is related to the time that it is running, it is 
desirable to run the equipment only when it is necessary to print a message from 
the computer. For this reason the motor on/off circuitry has been installed. 

As shown in Figure 6 there is a mercury relay on the 3TS1 card, which controls 
the motor on/off relay located on the interface package. The mercury relay is 
controlled by setting Bit 13 to a "1" which sets a bistable on the 4T01 card. The 
output of this bistable energizes the mercury relay (M9-2). Bit is used to reset 
the bistable which de-energizes the relay coil. The mercury wetted relay contact 
selects the power relay in the INTERFACE package located at the 35 equipment. 
The contacts of this power relay parallel the contacts of the switch (LINE/OFF/ 
LOCAL) and put the set in the "Line" mode independent of the switch setting. The 
motor on the 35 set will then turn on. 

As mentioned previously when the computer outputs a character to the 35 equipment, 
the sequencer will be "tripped off" and the line contact will open and cause the 
equipment to cycle. Proper operation of the equipment requires exact synchronism 
between the Model 35 equipment and the sequencer. The Sequencer cycles at the 
same rate at all times; however, the Model 35 equipment, if tripped off when the 
motor is coming up to speed, will not cycle at the correct speed since it is 
mechanical in nature. Therefore, the code which gets stored mechanically will be 
invalid and "nonsense" will be printed as the motor comes up to speed. 

In order to prevent this Invalid printing condition, the line contact on the TS card 
is shorted out while the motor comes up to speed. The line is not opened and a print 
cycle will not occur. This circuit is triggered by closure of the motor on contact. 
As shown in Figure 6 the output of this circuit, relay contacts, shorts out the line 
contact. When the "motor on" contact closes, a unijunction delay circuit fires after 
1.0 seconds and sets an SCR which picks the blanking relay and the "line shorting" 
contacts open. By this time the motor is up to speed and printing may be done. 
When the motor on relay is opened by setting Bit to a "1" the blanking relay will 
drop out. 
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ENVIRONMENT AND GROUNDING 

RECOMMENDED ENVIRONMENT 

The following information was prepared for use by those persons who are responsible for the 
site preparation for a P-50 computing control system. A thorough understanding of, and close 
adherence to, the requirements and recommendations offered here are essential for an efficient 
system. 

Site Selection 

In considering possible locations for the computing system, the user should keep in mind his 
responsibility for providing all the necessary wiring, main circuit protection, and convenience 
receptacles required. 

The following factors also should be considered: 

1. The proposed area should be of sufficient size to accommodate not only the planned 
system but also any future expansion likely to be needed. 

2. Doors, elevators, and corridors should have the strength and clearance necessary 
for moving individual units or assemblies making up the system, to the planned site. 
(The P-50 system generally is of such compact design and weight, however, that this 
rarely presents any problems.) 

3. Floor construction should be adequate for support of the computer system, including 
peripheral units. (Again, normal industrial construction usually is more than ade- 
quate for the P-50.) 

4. Sufficient clearance should be allowed for movement of test equipment around the 
computer system. 

5. Environmental conditions should meet or exceed recommendations on recommended 
shock, vibration, temperature, and relative humidity. 

6. Governing codes (local and/or state) concerning building construction, electrical wir- 
ing, fire protection, etc. 

Computer Site Layout 

Upon selection of the computer site, it is recommended that the user prepare a floor plan of 
the proposed computer area (1/4 to 1 foot scale). The plan should show all permanent objects 
such as support columns, piping, doors, walls, and any equipment considered indefinitely fixed 
in place. Also the floor plan should include a desired arrangement of the computer system 
that conforms with installation recommendations. 

The plan should be given or sent to the Westinghouse project engineer assigned, for his infor- 
mation, review and comments. 

Major areas of concern in the initial layout include: 

1. The minimum required working area, for operation and maintenance of the computer 
equipment, including space for test equipment, tools, spare parts, and for whatever 
added room may be needed in the future in case of expansion of the system. 
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2. Positioning of computer units to permit operators to view displays, panels, etc., with 
little or no movement. 

3. Power requirements of the system, and adequate air circulation. 

4. Provision of an adequate service area. 

5. Sufficient extra floor space for possible expansion of the system, including the facil- 
ities (power and air circulation) for such expansion. 

Site Construction 

Existing walls, floors and ceiling may be used to whatever degree is practicable, in keeping 
with the approved computer layout, and governing local and state construction codes as to en- 
trances, fire exits, and other factors that may be involved. The floor should be true and level, 
and capable of sustaining the weight of the computer system and any additional equipment 
planned, without appreciable deviation. A raised or false floor is not required but can be con- 
venient for running and locating cables. (Provision is needed in any case for bringing the power 
cabling and signal c;ibles into the bottom of the cabinets.) 

Wood floors are not recommended. If used, they should be covered appropriately for dust con- 
trol, fire prevention and appropriate appearance. 

Ceiling construction should be such as to keep down noise, and protect the equipment against 
moisture, oil, dust and objects that might fall from taller structures, cranes or other higher 

points. 

Lighting should be capable of providing an over-all maintained intensity within the range of 55 
to 75 foot candles at a height of 30 inches above the floor. 

Area Housekeeping 

Site construction should be completed before delivery of the computer equipment. All air ducts 
should be blown out and cleaned. The site and wiring troughs should be thoroughly cleaned of 
all dust, dirt and debris. 

During connection of wiring, etc., to the computer system, care should be exercised to prevent 
metal filings, pieces of insulating material, dirt and other foreign matter from falling into the 

equipment. 

After the equipment is installed and connected, but before power is turned on, cleaning of the 
entire area should be repeated. 

During the regular scheduled cleaning of the area, the flooring should be cleaned with a damp 
mop. When a vacuum cleaner is used, the filter should first be cleaned. 

1'ire Protection 

Beyond observance of all governing codes in providing fire protection, it is recommended that 
— within the computer room and not more than 20 feet from the equipment — either a CO2 
fire extinguisher or CO2 hand hose system be installed. The number and capacity of extin- 
guishers should of course be determined by the amount of equipment it is there to protect. 

Also it is recommended that all documentation of programs and taped programs be prepared 
in duplicate, and a copy of each stored in a fireproof vault. 
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Power Considerations 

Power Input: The basic input power for the system is as follows: 

Voltage 115 v a-c 

Frequency 60 cps 

Allowable voltage deviation ± 10% 

Allowable frequency deviation ± 0.6 qps 

Primary Power Source: A separate power transformer should be provided for the computer 
system. When this is not possible, the power source used should be free of any heavy variable 
load such as elevator motors, air conditioning motors, etc. Means should be provided for dis- 
connecting the primary power to the computer system in an emergency. It should be clearly 
marked "Emergency Power Disconnect," and shielded or enclosed to prevent accidental actu- 
ation. It should be located near the computer main frame and the main exit. Also it is recom- 
mended that all primary and distribution wiring meet UL recommendations. 

Grounding: All grounding as specified herein is not intended to supplant but rather to com- 
plement those of the National Electric Code and Local Codes. Its primary purpose is to shield 
against noise and RF interference. 

The following requirements must be strictly adhered to in order to provide optimum noise im- 
munity on analog inputs to digital control computer. If they are not followed, no guarantee can 
be made as to system accuracy. 

All low-level lines from sensors should be shielded twisted pairs. The shield should be 
grounded according to the following conditions: 

1. A thermocouple which is not grounded at the well should have its shield grounded at 
the receiver end (computer terminal cabinet). 

2. Thermocouples which are normally grounded at the source should have the shield 
grounded at the source. The most effective procedure includes a third wire, pref- 
erably one of the materials used in the thermocouple, which is connected to the top 
of the thermocouple and the shield. The shield is tied to the thermowell. 

3. Transducers with balanced outputs should have the output guard tied to the shield, 
and the shield should be grounded at the receiver. 

4. For transducer outputs of the single-ended variety, the shield must be grounded at 
the transmitter to be most effective. 

In addition to these requirements, the routing of cables is a significant factor in minimizing 
pickup problems. The following recommendations must be followed in layout of wiring: All 
low level (0 to 50 millivolts) analog input signals should be routed through separate cable tray(s) 
and/or conduit(s). Under no circumstances whatsoever should a-c power or signal lines be 
routed with analog signals in either tray or conduit. 

The cable tray should completely enclose the analog signal lines, and should be bonded firmly 
to the building ground system. The cable tray should effect at least 85 percent coverage of the 
analog cables. The only allowable exception to this is that low voltage (0 to 10 volts) d-c con- 
trol cables may be routed in the same cable tray as the analog signals. 

Cables carrying 125 volts a-c or lower should be spaced not less than 12 inches away from the 
analog tray; potentials of 440 a-c to 125 a-c volts should be spaced a minimum of 18 inches 
from the analog cables. Voltages above 440 volts shall be separated from the analog signals 
by a distance of not less than 2 feet. It is realized that in some circumstances power cables 
will run parallel to the analog cables. With the previously mentioned separation, this condition 
may exist for runs not exceeding 20 feet. Parallel runs are permissible to 50 feet by increasing 
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the recommended spacings a minimum of 1 loot. Longer runs of parallel length may be made 
by increasing the spacing requirement by 1 foot lor every 30 feet above 50. 

As previously mentioned, all analog signal lines should be twisted shield pairs. The shield 
encloses each pair and will offer not less than 85 percent coverage. The shield should be cov- 
ered by insulation having suitable mechanical, electrical, chemical, and thermal properties. 
Multiple pair cables from the thermocouple reference junction to the computer input cabinet 
should not exceed 17 pair cables. 

Convenience Outlets: The test equipment for the computer will require 120 v, 60 c, single- 
phase service. Convenience outlets should be provided near the equipment and around the 
perimeter ol" the room, at heights not exceeding 42 inches above the floor. 

Air Filtration: The incoming air in the computer room or area should be clean or should first 
be filtered by a tiller having 90 percent efficiency based on the Bureau of Standards Discolora- 
tion Test. A Westinghouse "Precipitron" unit is effective for this purpose. 

Primary Power Source - General 

A separate power transformer should be provided for the computer system. When this is not 
possible, the power source used must be without heavy variable loads such as elevator motors, 
air conditioning motors, etc., which might draw surge currents from the source sufficient to 
cause voltages to drop below allowable tolerances. 

A means for disconnecting the primary power to the computer system in an emergency should 
be provided. It should be titled "Emergency Power Disconnect" and enclosed or shielded to 
prevent accidental actuation. The location should be near the central Processor and the main 
exit. 

Loading 

All standard equipment in the system operates on 115 volt 60 cycle per second single phase in- 
put voltage. Various parts of the system have been designed to accept 230 volt and 50 cycle in- 
put power; however, some modification is entailed in making a complete system conversion to 
these input power parameters. 

Grounding 

The following requirements must be adhered to in order to provide optimum system perform- 
ance. If they are not followed, no guarantee can be made as to system accuracy. 

The following is aimed at providing adequate shielding for the computer system against noise 
and RF interference. It is intended that this recommendation will complement rather than re- 
place any part of the National Electrical Code or local codes. A terminal is provided in the 
rear of the Central Processor Cabinet for a computer system ground connection. The pre- 
ferred conductor for connecting the system to ground is a 1-1/2 inch minimum diameter cop- 
per braid with a minimum conducting cross-sectional area of 25,000 circular mils. This braid 
must be protected from physical damage. If copper braid is not available, a 6 AWG or larger 
copper conductor may be used. The computer system ground must be independent of plant 
ground and must have a resistance of less than 4 ohms to earth ground. 

The shields of all cables to and from the computer must be grounded at one end only . This ap- 
plies to external interrupt, analog, CCO, and CCI signal cables. It is often a function of the 
particular system which end of the cable shield is grounded. This must be decided on an in- 
dividual system basis. 

Drawing 105D302 shows a typical power distribution and grounding diagram for the P50 computer. 
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Power Supply and Grounding Requirements 

PRIMARY POWER SOURCE - GENERAL 

A separate power transformer should be provided for the computer system. When this 
is not possible, the power source used must be without heavy variable loads such as 
elevator motors, air conditioning motors, etc., which might draw surge currents from 
the source sufficient to cause voltages to drop below allowable tolerances. 

A means for disconnecting the primary power to the computer system in an emergency 
should be provided. It should be titled "Emergency Power Disconnect" and enclosed 
or shielded to prevent accidental actuation. The location should be near the Central 
Processor and the main exit. 

LOADING 

All standard equipment in the system operates on 115 volt 60 cycle per second single 
phase input voltage. Various parts of the system have been designed to accept 230 volt 
and 50 cycle input power; however, some modification is entailed in making a com- 
plete system conversion to these input power parameters. 

115 V.A.C. SYSTEM OPERATION 



Main Frame Power Supply 

Input Voltage 
Inrush Current 
Steady State Current 
Power Factor 
Duty 



115 v a.c. ±10%, 58-62 cps, 10 

80 amperes max. peak current 

6.4 amperes kms (for max. system) 

0.76 typical 

Continuous 



Fans 



Input Voltage 

Current 

Duty 



115 v a.c. ±10%, 50-60 cps, 10 
Approx. 0.9 amperes rms 
Continuous 



3. Analog- to- Frequency Converters 

Input Voltage 
Power 

Duty 

4. MnHol 33 ASR Spt 



115 v a.c. %10%, 58-62 cps, 10 
Approx. 23 watts per converter to a 

maximum of 4 converters 
Continuous 



Input Voltage 

Current 

Duty 



115 v a.c. ±10%, 60±0.45 cps, 10 
Approx. 2 amperes, rms 
Intermittent 
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5. High Speed Tape Reader 

Input Voltage, Motor Unit 
Motor Current, Inrush 

Running 
D.C. Power Supply Unit 

Current Input 
Duty 

6. High Speed Tape Punch 

Input Voltage, Motor Unit 
Motor Current, Inrush 

Running 
D.C. Power Supply Unit 
Current Input 
Input Power 
Duty 

7. Model 735 Logger 

Input Voltage, Motor Unit 
Motor Current, Running 
D.C. Power Supply Unit 
Current Input 
Duty 

230 V. A. C SYSTEM OPERATION 

1. Main Frame Power Supply 

Input Voltage 
Inrush Current 
Steady State Current 
Power Factor 
Duty 

GROUNDING 



115 v a.c. ±10%, 60 cps ±0.75%, 10 

4.0 amperes rms 

1.25 amperes rms 

115 v a.c. ±10%. 50-60 cps, 10 

Approx. 0.25 amperes rms a.c. 
Intermittent 



115 v a.c. ±10%, 60 cps ±1%, 10 
9 amperes rms 

2 amperes rms 

115 ±15 v a.c, 60 cps ±5%, 10 

3 amperes, rms a.c. 
280 watts 
Intermittent 



117 v a.c. ±10%, 60 cps, 10 

1.2 amperes rms 

115 v a.c. ±10%, 50-60 cps, 10 

0.5 amperes rms, a.c. 

Intermittent 



230 v a.c. ±10%, 48-62 cps, 10 

40 amperes max. peak current 

3.4 amperes rms (for max. system) 

0.76 typical 

Continuous 



The following requirements must be adhered to in order to provide optimum system 
performance. If they are not followed, no guarantee can be made as to system ac- 
curacy. 

The following is aimed at providing adequate shielding for the computer system against 
noise and RF interference . It is intended that this recommendation will complement 
rather than replace any part of the National Electrical Code or local codes. A terminal 
is provided in the rear of the Central Processor Cabinet for a computer system ground 
connection. The preferred conductor for connecting the system to ground is a 1-1/2 
inch minimum diameter copper braid with a minimum conducting cross-sectional area 
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of 25,000 circular- mils. This bra .1 must be protected from physical damage If cop- 
per braid is not available, ; (5 AWO ■ irger copper conductor may le med. The 
computer syska. pound mast be indt pendent of plant ground and must ha/e a resiat- 
ance of less -ha -4 ohm 3 tc oarth eroi --id. 

The shields •!■ : I ■ able • to s rid ira,.a a; computer must be grounded :<[ one end oniy_. 
This applies to a a uriiai interrupt , m ..og, (./CO and CCI signal cable/: It is'ofteli a 
fundi a; of iha ;a boulai - tern wi. ; a end ai tht caole shield is grounded. This must 
be decided on an aadvida J. aysten. ansis. 

Analog signals • ■■ ;^e r exaelaag shielding and grounding considerations than CCI 

or Id;. As a -o ■,.: the • ': wing e rammendafions ,;re mad; for shielding and ground- 
ing o; analog ; ; r .--,; 

Stand:- rd ana!: ■ , a.i m^dii arity ia I a inputs on one printed circuit card, and aach 
care aas prove ■■■ ; tor c ■:■<■ .-onneot: e ;<■■ the A/'D converter guard shield. Therefore, 
ana!- < input 5 -■,-.' :>c j nod or ■.■• card ace ' ■ Ji : ■ a to a ■; iterion of like grounding 
reqa anon; ■ •■ • • >pe ; - 1 x r- : i ^ ■ ■■ < he one slvid aonroe; ■■>!>. 

Each naiog a.., a Manid; cprri; a a tv istea ;aer. '! his pair of i ./ait' is i- be 

shieio-ai, II ;.. '=t -ii.o- ■ : mo-a aa ■• to use me r.i-p iir ..able with an ove -all 

ahiedd The C I hooC cons'. -u-- - a to give i n / coverage w.aer, I he /abb is 

flexe ,.nd t > a -a, aid - da; I hav< a pper drau, wire. This dram v re shou d be 

groin: a .: at i;:» -a o;t. on «-er at :- !■ ends. 

For an ungrounded thermocouple, the cable shield should be connected to one ground 
plane at the cold junction box. The analog converter guard shield should be tied to 
this cold juneti* a box ground plane. 

For grounded thermocouple (s), the cable shield should be connected to the ground plane 
in which the thermocouple -s grounded. The other end of the shield is then tied to the 
analog converter guard shield. NOTE : All thermocouples in a cable and the shield 
ground must be in the same ground plane. If this is not possible, the cable shield and 
the analog converter guard a hie Id should be grounded at the cold junction box ground 
plane. Common mode voltage between any thermocouple pair and the cable shield 
(analog converter guard shield) should not exceed 5 volts. 

For a grounded voltage c r current generator, the shield should be grounded at the 
transducer. Al! transducers must be grounded in the same ground plane. The shield 
is tied to the ana eg converter guard shield. 

For a floating transducer, the cable shield is tied to the analog converter guard shield 
and to converter ground. 

In every case, the common mode voltage between signal leads and cable shield should 
be restricted to less than 5 volts. 
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POWER DISTRIBUTION & POWER SUPPLY PACKAGE 



POWER DISTRIBUTION 

Power as discussed in this section means a-c power taken to points within the central processor 
cabinet and to convenience outlets in this cabinet. 

In general a-c power will be supplied from an unregulated 115 volt, 60 cps single phase source. 
The ac/dc power supply package in the central processor cabinet is designed to accept 115/230 
volt. 50-60 cps power as determined by transformer winding jumper connections. However, 
other components which can be units of the cabinet, such as fans may not have this flexibility. 
As such, these items might have to receive special consideration in adapting a system to a 
230 volt a-c or 50 cps power supply. 

A-c power is brought into the cabinet to CBl. From here, it also branches out to 4 convenience 
circuit breakers. The other side of CBl (15A) is connected to a filter capacitor then to 
TB0002-4. The neutral side is tied to another filter capacitor then to TB0002-3. 

An additional breaker CB4, is used to provide power to an auxiliary receptacle mounted on the 
a-c distribution panel assembly. From the incoming side of CB4, power is also distributed to 
an additional 4 circuit breakers which can be used at the customers' discretion. 

From TB0002, power is routed to the power distribution strip where the d-c power supply 
module receives its power. 

POWER SUPPLY 

Schematic diagram 105D312 shows the main power supply as used on the P50 computer. 

As mentioned previously, power is received by this supply from the a-c distribution box, 
TB0002. 

This power supply furnishes four output voltage levels; 48vdc, 26vdc, lOvdc, and 6.3vac. These 
four voltage levels furnish all the power necessary for memory and logic circuits within the 
computer plus the power for external interrupts. 

The +26v is taken to TB0004 for distribution to the logic and memory and to TB0003, through 
a 6 amp fuse, for distribution to the maintenance lights on the printed circuit card and any 
peripheral power required. 

The + 10v is taken off of the +26 volt supply by tapping off a Zener diode, CR7 and distributing 
this voltage to TB0004 through a 1 amp fuse. 

Note that in both cases above, the common side of the power supply is tied to frame ground at 
E01. This side will also be referred to as PSC (Power Supply Common). 

The 48 volt supply is obtained from a center tapped full wave rectifier with a capacitor output 
filter. The +48v is tied to TB0004 through a 2 amp fuse, its return side, 48R is tied to 
TB0004 also. Note that this supply is isolated from PSC. 



18-11 



The 6.3vac is derived from the secondary of a filament transformer. This voltage is used to 
drive the synchronizer interrupt on the low voltage sensor card which is mounted in the power 
supply package. 

The +26v is also routed to the low voltage sensor card for use in the Low Voltage Detection 

Circuit. 

The 48R is used also on the low voltage sensor card in the Dead Computer Switch circuit. 
For operation of this low voltage sensor card, refer to the printed circuit card descriptions. 

TAP ADJUSTMENTS 

The power supply has been designed to accept 115/230 volt, 50/60 cps, single-phase input. 
Jumpers on the primary windings of the three transformers in the supply must be wired cor- 
rectly to match the transformers to the line voltage. Each transformer has a dual primary 
winding. These windings must be placed in series for 230vac operation or in parallel for 
ll5vac operation. Schematic 105D312 gives the connections required for 230v operation. 

With the exception of the 26vdc source, the transformers do not have taps for adjusting the 
output voltage to allow for small differences in nominal line voltages or differences in load. 
The loads are sufficiently insensitive to voltage variations that the output voltage can be al- 
lowed to swing with 100% switching of load currents and the line voltage variations of ±10% 
around 115vac or 230vac. 

The 26vdc source transformer has secondary winding taps at 3% voltage increments which are 
used to adjust the output voltage to a nominal value for different loads on the supply (i.e., sys- 
tems of various size) and for small differences in nominal line voltage. The output bus voltage 
should be at 27.3 ±0.5vdc with power applied to the system and the central processor in the 
Master Cleared mode. 

GROUNDING, RF TRAPPING 

Grounding 

The entire system is tied to ground via a plant ground lead tie to point E01 in the central proc- 
essor cabinet. From this point, all cabinets in the system as well as the power supply are tied 
together with braid binding straps. The 26vdc and 10 vdc current return paths are at system 
ground potential. Also, one side of the 6.3vac power supply output is tied to system ground. 

RF Trapping 

Precautions have been taken to keep high frequency noise on the input a-c power lines out of 
the power supply. For this purpose, a radio frequency interference filter has been placed in 
each of the two power input lines. 

It is especially important to keep this radio frequency noise out of the 26vdc supply since logic 
and memory power is furnished by this bus. As an added precaution, the primary winding of 
this transformer is electrostatically shielded from the secondary. Figure 2-24 is a simplified 
representation of the RF1 filtering and system grounding. 

Each cabinet structure has been designed to afford shielding to power distribution leads (as 
well as signal leads). Cabinets are fully enclosed, all-steel structures which are physically 
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joined together to form one mechanical unit. Thus the 26vdc, lOvdc, and 6.3vac leads are 
never taken outside the system. Within this steel enclosure, back-panel wiring is additionally 
protected by (1) the aluminum panel which supports the card cages, the card edge connectors 
and panel-to-panel cable connectors and (2) the cable support bracket which covers wire runs 
behind the card cages in the cabinets. (The aluminum panels which hold the card cage struc- 
tures are tied together with the braid bonding strap. Within the cabinet, these panels establish 
the system ground reference plane.) 
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STORAGE AND HANDLING 

Because of its physical and electromechanical characteristics, the P-50 is capable of with- 
standing indefinitely the industrial environments in which men themselves are capable of work- 
ing. It requires no "babying". However, as with any valuable equipment, the user who observes 
a few common-sense rules for handling, storage, maintenance and general care can thus avoid 
trouble which could be expensive in terms of time and/or money. 

STORAGE RULES ARE SIMPLE AND FEW: 

1. All mechanical units that make up the system should be stored upright in a dry, rel- 
atively dust-free area. 

2. The dust covers supplied on the units should be kept on during storage. 

3. Storage temperatures should not be below 32° or above 10Q°F. 

4. The relative humidity should not exceed 90 per cent. 

5. Storage of units should be such as to minimize the need for rehandling. It is recom- 
mended that cabinets, consoles, etc., be placed on 2 x 4's or 4 x 4's for ease in sub- 
sequent rehandling. 

6. Area security should be maintained to prevent unauthorized personnel from gaining 
access to the computer equipment. 

7. Cables should be kept in the cartons provided, and the cartons stacked on 2 x 4's, 
with stack height not to exceed three cartons. 

HANDLING 

Handling, lifting and moving also should be in accordance with certain simple rules: 

1. Handling shock: not to exceed 4G. 

2. Vibration: less than .03G for 15 cycles per second. 

less than .02G for 16 to 25 cycles per second, 
less than .01G for 26 to 33 cycles per second. 

3. All central processors, input output cabinets and auxiliary units such as document 
devices (ASR sets, etc.) be kept upright at all times. Maximum allowable tilt, 45°. 

4. Care should be exercised, in lifting cabinets, to avoid damage to side panels and doors. 

5. Hooks, cargo nets are not recommended. 

6. Floor-mounted consoles are not to be lifted by the writing surfaces or doors. It is 
recommended that dollies or other four-wheel devices be used, in preference to fork 
lift trucks. 

7. Prior to movement of operator or printer consoles, the printers, readers, punches 
and other unsecured devices should be removed, packaged separately for safe move- 
ment, and kept packaged until they are to be connected and used. 

8. For long-distance movement, furniture van or air shipment is recommended. Over- 
seas shipments should be by air only. 
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Timing Notes 

This section discusses switching times of elements, delay times through important 
circuits, tolerances of timing pulses, and delay adjustments on power supply switches. 

LOGIC ELEMENTS 

CORDWOOD DUAL NAND 

The typical average propagation time per stage is 20 nanoseconds. With variations in 
loading, supply voltage, temperature, and switching parameters, the average propaga- 
tion time varies from 15 to 30 nanoseconds. 

CORDWOOD MODIFIED DUAL NAND 

Switching times for the modified dual NAND are slower than for the dual NAND. Typ- 
ical average propagation time is 50 nanoseconds per stage. This varies from 30 to 70 
nanoseconds. 

CORDWOOD SLOW NAND 

Storage time is the longest delay through this element and is typically 6 microseconds. 
Some elements may be as slow as 10 microseconds for high temperature, low fanout 
conditions. Turn-on is usually under a microsecond. 

IMPORTANT CIRCUITS 

CORE PULSER 

Delay times through the core pulsers vary from 0.25 to 0.4 microsecond. Rfse and 
fall times of the output current pulse are 0.25 to 0.3 microsecond. 

SUBROW HALF -SELECT SWITCH 

Turn-on delay varies from 0.1 to 0.3 microsecond. Turn-off time varies from 0.25 to 
0.5 microsecond. 

Subcolumn Half-Select Switch 

Turn-on delay varies from 0.15 to 0.25 microsecond. Turn-off time varies from 0.2 
to 0.3 microsecond. 

SENSE AMPLIFIER 

A delay time derived from the phase shift at 1 megacycle for the sense amplifier is 
0.2 microsecond. 
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CORE STROBE TIMING 

Core strobe is adjusted by displaying the amplified core response voltage and the 
strobe voltage. These signals may be viewed at any bit card by viewing pins LI 7 and 
L16 respectively with respect to ground. 

DELAY LINE TIMING 

Accumulated tolerance of the delay line taps is about 2% or 30 nanoseconds. More 
troublesome than the variation in the absolute value of the delay of each tap is the 
variation in rise time of the pulse sent down the line. In order to preserve a good de- 
lay to rise ratio a 1.5 microsecond line is used, and the line is traversed three times 
to produce the sequence timing. This is in contrast to using a 4. 5 microsecond line 
where degradation of rise time would occur throughout the line length. Still, the 50- 
nanosecond rise time of the pulses contributes some variation in the length of a se- 
quence, which may be as much as 0.15 microsecond. 

POWER SUPPLY SWITCH 

The power supply switch produces a 0.11 to 0.30 microsecond opening of the word and 
channel circuits after a delay from the point of outputting which is adjustable from 1 
to 9 milliseconds. Delays for some applications of the power supply switch are: 

1. CCO: 3 milliseconds to energize bistable relays 

2. CCI-. 9 milliseconds from output to interrupt 

3. Contact Input Data: minimum delay 

4. Data Link: minimum delay 

PHASE-LOCKED OSCILLATOR CARD 

The use of 60 cps as the gate frequency for the analog system voltage- to- frequency 
converter requires that the short-term variation in the zero crossing of the 60 cps 
line be integrated. A phase-locked oscillator is used to generate a precise gating 
period. The frequency and phase of the phase-locked oscillator are compared to the 
60 cps line. An analog voltage is derived which controls the frequency of a voltage- 
controlled oscillator. The variation on the 16.667 millisecond square wave is about 1 
microsecond. The observation to check whether the oscillator output is in phase is to 
check that the phase- locked oscillator output does not drift when synchronizing the os- 
cilloscope trace with the 60-cps line. 

POWER OUTAGE WARNING 

When the a.c. power line opens, the power supply will droop at a rate of about 0.2 volt 
per millisecond. After approximately 20 milliseconds, an interrupt is sent to the com- 
puter. The interrupt must be answered within 7 milliseconds. From the time the in- 
terrupt is sent an 8- millisecond delay is begun, at the end of which a relay drops out 
to inhibit the core memory. The 1- millisecond difference between the maximum time 
needed to answer the interrupt and the 8-millisecond delay is to enable a routine to be 
run which guarantees orderly shutdown. 
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Standard Signal Specifications 

CORDWOOD DUAL NAND 

1. Switching Levels: 0.5 volt maximum for logic "zero" condition, 1.0 volt min- 
imum for "one" state. 

2. Fanout Capability: 10 NANDs with single drive; 20 NANDs maximum with 
double-base drive. (In "double base" drive, a 3K resistor is connected from 
the NODE of the diode AND to the +6.8 volt supply.) 

3. Input Loading: One NAND input requires that 2.1 milliampere maximum be 
drawn to hold down to ground. 

4. Supply Voltage: 6.8 volts ±5 per cent. 

5. Collector Voltage Rating: Output should not swing more than 6.8 volts -t-5 per 
cent if pullup resistors or non-standard loads are connected to the collector. 

CORDWOOD MODIFIED DUAL NAND 

1. Switching lievels; 0.5 volt maximum for logic "zero" condition, 1.0 volt min- 
imum for "one" state. 

2. Fanout Capability: 10 NANDs with single drive; 20 NANDs with double-base 
drive. 

3. Input Loading: One NAND input requires that 2.1 milliampere maximum be 
drawn to be held down to ground. 

4. Supply Voltage: 6.8 volts ±5 per cent. Base resistors are not commoned as 
in dual NAND so that base resistors may be driven as in resistor-coupled 
logic circuits. In this case input swing should be 6.8 volts - 5 per cent mini- 
mum. 

5. OR Input: The base device series diodes are tapped to enable diode OR con- 
nections to the base circuit. 

6. Collector Voltage Rating: Collector rating is sufficient to tolerate pullup re- 
sistors returned to the + 26-volt supply. 

CORDWOOD SLOW NAND 

1. Switching Levels: 1.1 volt maximum for zero condition, 1.6 volt minimum for 
"one" state. 

2. Fanout Capability: 10 slow NANDs or 63.5 milliamperes. 

3. Input Loading: One slow NAND input requires that 6.3 milliamperes maximum 
be drawn to be held down to ground. 

4. Supply voltage: 6 to 10 volts. 

Base resistors are not commoned as in dual NAND so that base resistors may 
be driven as in resistor-coupled logic circuits. In this case input swing should 
be 6 volts minimum. 

5. OR Input: The base device series diodes are tapped to enable diode OR con- 
nection to the base circuit. 

6. Collector Voltage Rating: Collector rating is sufficient to tolerate pullup re- 
sistors returned to the + 26-volt supply. 

CHANNEL AND WORD DRIVERS 

1. Current capability of the Word or Channel Drivers is 400 milliamperes d-c. 
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2. Voltuge capability is 30 volts maximum. 

3. Inductive loads must be shunted with a suppression diode. 

POWER SUPPLY SWITCH 

1. Current capability is 800 milliamperes maximum. 

2. Voltage capability is 30 volts maximum. 

3. Range of Adjustment: The load will be interrupted for 0.11 milliseconds min- 
imum to 0.3 milliseconds maximum after an adjustable delay of one to nine 
milliseconds. 

CCO SPECIFICATION 

1. Contact Rating: The rating of the CCO contacts is 100 volt amperes. 

2. CCO Rate: Energization time for relay is set at 3 milliseconds. CCO rates 
can be as high as 100 per second. 

CCI SPECIFICATION 

1. Threshold Levels: A voltage across terminals 1 to 2 of the CCI buffer trans- 
former of 2.5 volts is the maximum voltage for a logic "zero" state indication, 
and a voltage of 8 volts is the minimum voltage for a "one" indication. 

2. Supply Voltage: CCI filtered inputs may be switched to 48 volts +20 per cent 
-15 per cent. 

3. CCI Rate: Maximum CCI rate is determined by power supply switch settings 
and program times, and can be as high as 100 per second. 

INTERRUPT SPECIFICATIONS 

1. Filtered Interrupts: Contact is closed to 48 volts, ±10 per cent. Input rate is 
15 per second. 

2. Unfiltered Interrupts: Unfiltered interrupts can be switched to the +26-volt 
supply through a IK minimum resistance value. These interrupts when reset 
to ground through a 35-ohm minimum resistor can attain an interrupt rate of 
200 interrupts per second, limited, of course, by program lockout times. 
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ADJUSTMENTS AND WAVEFORMS 

ADJUSTMENTS 

The following adjustment should be made on the P50 computer only if they become necessary. 

CORE PULSE R ADJUSTMENT 
Equipment 

1. Tektronix Oscilloscope 541, 545 or equivalent. 

2. Tektronix Current Probe type P6016 with passive termination. 

3. Two card extender boards. 

Scope Sittings 

1. One micro sec /cm 

2. .05 v/cm 

3. Connect positive external trigger to pin L3 of any of the four half selects. 

Procedure 

A. Read-Write current adjust. 

1. Turn off power. 

2. Put computer in Read mode. 

3. Pull the appropriate half select (HS) and core pulser (CP) as noted in Figure 2-26. 
Insert card extenders and re-insert half select (HS) card and core pulser card. 

4. Turn Power on. 

5. Place the current probe on the appropriate pin of the half select card as shown 

in Figure 2-25. Place current probe on 2 ma/mv with scope setting at 0.05 v/cm. 
Each cm of deflection on scope will be equal to 100 ma. 

6. Cycle start button and observe waveform. 

7. Adjust appropriate pot of core pulser for proper value (350 ma) see Figure 2-26 
for location of adjustment potentiometer. 

B. Inhibit current adjust. 

1. Place selector switch in dynamic read mode. (TO PLACE SWITCH IN READ 
MODE DEPRESS MECHANICAL STOP AND ROTATE SWITCH TO THE DY- 
NAMIC READ MODE). 

2. Place the current probe on the appropriate inhibit line (TWISTED PAIR WIRES 
LOOPED ON TOP OF CORE STACK). Place the probe on one wire of the twisted 
pair for each bit to be checked. 

3. Push start button (Caution - Do not disturb the "S" Register as core contents will 
be destroyed). 

4. Adjust appropriate pot on the core pulser for correct value. (332 milliamps) 

5. See Figure 2-26 for slot and potentiometer location. 
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6. To adjust currents for core stacks other than stop computer and set "S" 
Register to the following: 



STACK 


1 
2 

4 



SETTING 

00000 
10000 
20000 
30000 



Turn power on and proceed as per step 4 above. Consult Figure 2-26 for appropri- 
ate CP card location. 
7. Potentiometer location on the core pulser card is shown in Figure 2-27. A top view 
of the card is shown. The slot location determines the inhibit, read and write 
adjustment for each core stack. 



HALF SELECT 



PIN LOCATION 



X READ 
X WRITE 

Y READ 

Y WRITE 



C7H10 
C7H11 
C9H10 
C9H11 



Figure 2-25. (Half Select and Pin Location) 
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Figure 2-26. (Core Stack and Core Pulser Locations) 
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X READ 
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INH. 1 
INH. 



Figure 2-27. (Core Pulser Potentiometer Location for Each Core 
Stack) Top View 
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WW Kl'OK US 

The follow ui^ pages show the waveforms for memory and interrupt. 

Core Memory 

If it is decided to add additional 4K words to the existing system (up to 16K max.), it is a sim- 
ple matter. The core stack, the diode boards (MA and MB), the inhibit paddle board (IP) the 
sense amplifier board (SA). and three core pulser boards (CP) are all that is required. 

The only adjustment that should be needed is the setting of the core currents. Read and Write 
are set in single-step mode using the Read and Write positions of the mode switch. Inhibits 
can be set in Dynamic Read. Two card extender boards (one for the half select and one for 
the pulser cards) are required. 

Follow the procedure given earlier in the section. 

To establish that operation of the core memory is normal, the waveforms in Figures 2-28 and 
2-29 may be checked. Figure 2-28 shows Read, Write, and Inhibit currents on a typical sys- 
tem. These currents are being viewed with the machine in the Dynamic Read mode. The Read 
and Write currents are being observed as they enter and leave the subcolumn half-select switch 
by means of a Tektronix Type P6016 current probe looping extender board wires. The Inhibit 
current is viewed at the Inhibit cable. Read and Write are normally adjusted to 350 milliam- 
peres in single step. Inhibit is normally set at 332 milliamperes. Figure 2-29 shows the ideal 
placement of strobe with respect to the amplified response voltage. The threshold for the volt- 
age under strobe is O.C> volts These waveforms are observed at extender and terminals con- 
nected to a bit card when a worst case core program is running. 
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XREAD 

100 raA/cm 
IMS/cm 



X WRITE 

100 raA/cm 
1 US/cm 



INHIBIT 
100 mA/cm 
1 US/cm 






Figure 2-28. Con- Memory Wavefo 



rms 
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ONF 



lv/cm - Sense Amp. Output 
1 v/cm - Strobe 
0.2 /is/cm 



■SENSE AMPLIFIER 



Figure 2-29. Amplified Sense Output Showing the Position of the Strobe 
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Interrupts 

Figure 2-30 and 2-:?l shows the response voltage resulting from the 400 milliampere Interrogate 

current This response voltage as well as the Hit response voltage are similar in shape. A 
voltage greater than 1.5 volts :.eruss the 100-ohm terminating resistor is interpreted as a 
"one" to set the lockout flip- Hop. 








Unfiltered Interrupt Input 

lOv/cm 

0.5 Ms /cm 



Filtered Interrupt Input 

lOv/cm 

0.5 Ms /cm 



Top: Interrogate Current 
400 mA/cm 0.5 (is/cm 
Bottom: Sense Playback 
lv/cm 0.5 /is /cm 



ire 2-150. Interrupt Waveforms 
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Probe Pulse 

lOv/cm 

2^s/cm 




Hit Playback 
2v/cm 
0.1 jjis/cm 



ire ;U. Interrnpl Waveforms 
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START-UP PROCEDURE 



POWER CONNECTION 



1. Measure the a-c line voltage where the computer will be connected. This must be 
between 103 and 128 vac, 60 cps ±1%,. Record this voltage in log book. 

2. Open the doors to the central processor and I/O cabinets and check to see that all 
cards are in the correct locations and seated properly. 

3. Connect system ground; terminal El on a-c pushbutton panel assembly in central 
processor cabinet to plant ground. Ascertain that cabinet grounds for each cabinet 
are connected to terminal 5, TB0002. 

4. Connect the incoming a-c to CB1 (hot side) and neutral side to E3 on the a-c distri- 
bution box. The incoming a-c should be 115v ±10% (or 230vac can be used if trans- 
former primaries are changed). 

Turn on the breaker and measure the d-c voltage at TB0004-10 on the power supply module. 
This voltage must be 27.3 volts +10%, -15%. If not in this range, the +26v transformer (Tl) 
secondary laps must be adjusted to get this correct voltage envelope. 

The "26" volt bus adjustments are made by changing taps on the power transformer winding 
(This is the largest transformer in the supply, and the only one with extra winding taps). Tap 
positions 6 through 12 are on the high side 1 of the secondary and are to be used for adjusting 
the output vcitage to the proper level according to the following procedure: 

a. Insure that the system is complete and that all cards are in place so the "26" volt 
bus will be fully loaded. 

b. With the system "ON" but with the central processor in a "MASTER CLEAR" condi- 
tion, select a position for the secondary tap so the voltage on tne bus will be 27.3vdc 
±0.5 volts with 115 a-c ±10%, on input terminals. Taps are at approximate 3% voltage 
intervals in ascending order as numbered. The nominal tap for an "average" system 
is tap *9 when adjusted with 115vac applied to the primary. 

c. As a check, the drop in voltage on the "26" volt bus should be less than 1.0 volt with 
the memory cycling. 

Reference 105D312 for the schematic drawing of the power supply module. 

5. Measure the 6.3 vac voltage at TB0003-2 and TB0003-1. The 6.3vac allowed variation 

is ±10%. 

6. Measure the 48vdc voltage (this is an ungrounded d-c supply) between TB0004-7 and 
TB0004-8. The 48v supply can be +20% -15% of 48v. 

7. Record all values in the log book. 

8. Check that maintenance lights on boards function properly. These can be checked by 
putting machine in "read" mode and setting and clearing the flip-flops manually. (Re- 
member, the tabs on the left side of the boards are the clear side, and the tabs on the 
right are the set side.) 

9. With lights set, depress "lamps" switch to see that lights extinguish. 

10. Connect up all necessary cables to I/O section, ASR set loggers, etc. (See System 
Master Cable List for designation and destination.) 



18-29 



INSTALLATION TEST 

In general the following tests should be run for installation. 

Before attempting to execute these tests, first decide what means will be used to load the test 
tapes (ASR reader or high speed reader) so that the proper interrupt location can be used. Re- 
fer to the Interrupt Jumpering drawing supplied with the particular job for this information. 

Read over the test procedures before an attempt is made to load to make sure the necessary 
information is available to initialise the tests. 

1. Refer to writeup S3A, bootstrap loader, and load this program. 

2. Refer to writeup S4A, bootstrapped binary loader, and load this program via the ASR 
or high speed reader. (Note: The sync, interrupt must be off. Also note that S4A 
can be loaded into core bay 0, 1, 2 or 3 as determined by the tape entered.) 

3. Refer to writeup D9A, command execute test, load and execute this test. Suggested 
run time is 1/2 hour. 

Note: Suggested run times differ from those in the test writeup since an installation test does 
not need to be as exhaustive as factory testing. 

4. Refer to writeup D10A, core cross talk test; load and execute this test. Suggested 
run time is one complete cycle, which takes approximately 1 hour. 

5. Refer to write-up D11A, worst case core pattern test; load and execute this program. 
Suggested run time - 1 hour. 

6. Refer to write-up D12A, adder test; load and execute the program. Suggested run 
time - 10 minutes. 

7. Refer to write-up D13A, 735 Selectric TW test; execute and load this program. Be 
sure that switch on side of 735 base is in the down (off) position. Suggested run time 
- 5 minutes. 

8. Refer to write-up D15A, ASR Punch Reader Test; load and execute this program. 
Suggested run time - 10 minutes. 

9. Refer to write-up D16A, High Speed Reader-Punch Test; load and execute this test. 
Suggested run time - 20 minutes. 

10. Refer to write-up D17B, Analog Input Statistical Test; load and execute this program. 

11. Refer to write-up D18B, Analog Input Scanner Test; load and execute this program. 

12. Refer to write-up D37A, CCI test, load and execute this program. 

13. Refer to write-up D38A, Interrupt, load and execute this program. 

14. Refer to write-up D39A, CC0 Test, load and execute this program. 

These tests are run to ascertain that the system is correct after arriving at user's site. More 
exhaustive tests have already been run on these computers at the Computer Systems Division 
Test Floor. 

There are two additional tests which are available but are not normally run at this time. These 
are D19A, CC<# vs CCI; and D20A, CC0 vs Interrupt Test. These are tests which require the 
use of special test cables. These tests are essentially duplicated by tests D37A, D38A, and 
D39A. 
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